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Abstract 

Studying effects of mobile phone base station signals on health have been discouraged by authoritative bodies like WHO International EMF 
Project and COST 281. WH 0 recommended studies around base stations in 2003 but again stated in 2006 that studies on cancer in relation to 
base station exposure are of low priority. As a result only few investigations of effects of base station exposure on health and wellbeing exist. 
Cross-sectional investigations of subjective health as a function of distance or measured field strength, despite differences in methods and 
robustness of study design, found indications for an effect of exposure that is likely independent of concerns and attributions. Experimental 
studies applying short-term exposure to base station signals gave various results, but there is weak evidence that UMTS and to a lesser degree 
GSM signals reduce wellbeing in persons that report to be sensitive to such exposures. Two ecological studies of cancer in the vicinity of 
base stations report both a strong increase of incidence within a radius of 350 and 400 m respectively. Due to the limitations inherent in this 
design no firm conclusions can be drawn, but the results underline the urgent need for a comprehensive investigation of this issue. Animal 
and in vitro studies are inconclusive to date. An increased incidence of DMBA induced mammary tumors in rats at a SAR of 1.4 W/kg in 
one experiment could not be replicated in a second trial. Indications of oxidative stress after low-level in vivo exposure of rats could not be 
supported by in vitro studies of human fibroblasts and glioblastoma cells. 

From available evidence it is impossible to delineate a threshold below which no effect occurs, however, given the fact that studies reporting 
low exposure were invariably negative it is suggested that power densities around 0.5-1 m W/m2 must be exceeded in order to observe an effect. 
The meager data base must be extended in the coming years. The difficulties of investigating long-term effects of base station exposure have 
been exaggerated, considering that base station and handset exposure have almost nothing in common both needs to be studied independently. 
It cannot be accepted that studying base stations is postponed until there is firm evidence for mobile phones. 
© 2009 Published by Elsevier Ireland Ltd. 

Keywords: Mobile phone base station; Performance; Cancer; In vitro studies; Microwaves 

1. Introduction 

Modem mobile telecommunication is based on a cellular 
system. Each cell is covered by a base station that keeps track 
of the mobile phones within its range, connects them to the 
telephone network and handles carry-over to the next base sta­
tion if a customer is leaving the coverage area. Early mobile 
telecommunication systems had very large cells with tens 
of kilometers radius and were predominantly located along 
highways due to offering service mainly for car-phones. With 
the introduction of digital mobile phone systems cell sizes 
got much smaller and base stations were erected in densely 
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populated areas. The limited power of mobile phones made 
it necessary to reduce the distance to the customers. The 
cell size depends on (1) the radiation distance of the mobile 
phone; (2) the average number of connected calls; (3) the 
topographic characteristics of the covered area and the sur­
rounding buildings, vegetation and other shielding objects; 
and (4) the type of antenna used. There are essentially three 
types of cells presently making up mobile telecommunication 
networks: (1) macro-cells in areas of average to low number 
of calls; (2) micro-cells in densely populated areas and areas 
with high telecommunication traffic density; (3) pico-cells 
within buildings, garages, etc. The types of antennas used, 
although hundreds of different models are operated, can be 
subdivided into: omni-directional antennas that radiate in all 
horizontal directions with the same power; sector antennas 
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that radiate the main beam in one sector only but have vary­
ing aperture (usually 120° or 90°). These antennas can be 
mounted on masts (that sometimes are in the shape of trees 
for protection of landscape or are otherwise hidden), on the 
top of buildings, on pylons, and micro- and pico-cell anten­
nas on various other places (walls of houses, shops, indoors, 
etc.). The width of the beam in vertical direction is typically 
6°, but due to the presence of side lobes the actual pattern is 
more complicated. 

Digital base stations of the second generation (GSM, 
TDMA) and third generation (UMTS, CDMA) have typi­
cally a nominal power for each channel of 10-20W, micro­
and pi co-cells up to about 4 and 2 W, respectively. Due to the 
antenna gain the EIRP in the direction of the main beam is 
much greater (by a factor of wgt!O, where g is the antenna 
gain in dB, typically between 40 and 60). Most base sta­
tions of the second generation operate with two channels, one 
broadcast control channel (BCCH, channel used for transmit­
ting information about the network, the location area code, 
frequencies of neighboring cells, etc.) and one traffic chan­
nel (TCH, channel used for transmission of calls), for third 
generation systems, due to code division multiplexing, con­
trol information needed for the maintenance of the system 
is at present transmitted together with the actual information 
(calls, pictures, etc.) within one broad-band channel. GSM 
systems operate the BCCH with all time slots occupied and 
therefore at maximal power, whereas TCH has as many time 
slots active as necessary to operate all active transmission 
not covered by the BCCH. Field strength at ground level 
depends on the characteristics of the antenna. Because the 
main beam reaches ground level typically in 50-200m dis­
tance, in case of free sight to the antenna, maximum field 
strength is reached at that distance. However, due to the side 
lobes ups and downs of field strength occur as one approach 
the base station. In areas where objects are shadowing the 
beams, patterns are still more complex because of diffraction 
and reflection and multi-path propagation with constructive 
as well as destructive interference. 

Free field propagation from the antenna along the main 
beam follows the law: P(x)=EIRP/(4n-.x2), with P(x) the 
power flux density in x meters distance and EIRP the equiv­
alent isotropic radiated power of the antenna. Significant 
deviations from this expectation occur due to the side lobes, 
presence of interfering objects, differences in vertical beam 
width, and variations in the number of active transmissions. 
For these reasons distance to the antenna is a poor proxy for 
exposure level. 

Since the early 1990s tens of thousands of base stations 
have been erected in countries where digital networks were 
introduced. While older systems with their low number of 
base stations have hardly received public attention, the vast 
increase in base stations has led to public concerns all over 
the world. Anecdotal reports about various effects on well­
being and health have led also to an increased awareness 
of physicians [ 1 ,2] and increased research efforts have been 
demanded [3]. Despite these professional and public con-

cerns, the WHO International EMF Project has discouraged 
research into effects of base stations, because it deemed 
research into effects of mobile phones of higher priority. This 
position was changed in 2003 when the new research agenda 
recommended studies around base stations. In 2006 it was 
again stated that research into potential health effects of base 
station is oflow priority [4]. 

Due to these circumstances only very few investigations 
of effects of base stations on wellbeing and health exist. In 
addition some experimental studies have been conducted, 
most of which address the problem of short-term effects on 
complaints and performance. 

The following review summarizes available evidence and 
critically assesses the investigations as to their ability to sup­
port or dismiss a potential effect of microwave exposure from 
base stations on wellbeing and health. 

2. Epidemiological investigations 

2.1. Wellbeing and performance 

Santini et al. [5,6] report results of a survey in France to 
which 530 individuals (270 men and 260 women) responded. 
Study subjects were enrolled through information given by 
press, radio, and website, about the existence of a study on 
people living near mobile phone base stations. Frequency for 
each of 18 symptoms was assessed on a 4level scale (never, 
sometimes, often, and very often). Participants estimated 
distance to the base station using the following categories: 
<lOrn, 10-50m,50-100m, 100-200m,200-300m,>300m. 
For comparison of prevalence of symptoms >300m served as 
reference category. For all symptoms a higher frequency of 
the categories 'often' or 'very often' was found at closer (self­
reported) distance to the base station. Fatigue, headaches, and 
sleeping problems showed highest relative increase. Due to a 
less than optimal statistical analysis comparing each distance 
category separately with the reference category the overall 
response pattern can only be assessed qualitatively. Fig. 1 
shows relative prevalence averaged over all symptoms as a 
function of self-reported distance to the antenna. Interestingly 
the function is not monotonous but shows, after an initial 
drop, an increase at a distance of 50-100m. Because of the 
fact that in many cases this is the distance at which the main 
beam reaches ground level this may indicate a relationship to 
actual exposure levels. 

This study was a first attempt to investigate a potential 
relationship between exposure to base station signals and 
health and has, therefore, several shortcomings: (1) partici­
pants selected themselves into the study group by responding 
to public announcements; (2) distance was self-reported and 
no attempt was made to validate these reports (a German 
cross-sectional study in over 30,000 households revealed that 
more than 40% did not know they were living in the vicinity 
of a base station [7]); (3) no assessment of subjects' concerns 
about the base station; and ( 4) no measurement or calcula-
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Fig. I. Relative symptom frequency averaged over all 33 reported symptoms from Santini et al. [5) as a function of distance from base station. 

tion of actual exposure. Although selection bias and wrong 
estimation of distance to the base station could have led to a 
spuriously increased prevalence of symptoms, the pattern of 
symptom frequency as a function of distance is intriguing and 
suggests that part of the increased symptom prevalence could 
be due to exposure because people do not know the typical 
pattern of field strengths found in the vicinity of base stations. 

A Spanish version of the questionnaire as applied in the 
French study was distributed in La Nora, a small town in 
Murcia, Spain, to about 145 inhabitants [8]. Overalll 01 ques­
tionnaires (from 47 men and 54 women) were included in 
the analyses. Electric field strength in the frequency range 
1 MHz to 3 GHz was measured in the bedrooms of the par­
ticipants. Data were analyzed in two different ways: first 
subjects were subdivided into those living less than 150m 
from the base station and a second group living more than 
250m away (according to self-reports); the average expo­
sure level of the first group was 1.1 m W 1m2 , and of the second 
group 0.1 mW/m2; self-reported symptom severity was com­
pared across these groups. The second method correlated 
log transformed field strengths with symptom scores. The 
majority of symptoms showed a relationship both by com­
parison of the contrast groups according to distance from 
the base station as well as when correlated to measured field 
strength. Strongest effects were observed for headaches, sleep 
disturbances, concentration difficulties, and discomfort. 

In contrast to the French investigation the study has 
assessed actual exposure by short-term measurements in the 
bedrooms of participants. The fact that both, reported distance 
as well as measured field strength, correlated with symptom 
severity supports the hypothesis of an association between 
microwaves from the base station and wellbeing. However, 
because subjects knew that the intention of the study was 
to assess the impact of the base station there is a potential 
for bias. Also concerns of the participants about effects of 
the base station on health were not assessed. Furthermore, 
method of selection of participants was not reported. 

In a cross-sectional study in the vicinity of 10 GSM base 
stations in rural and urban areas of Austria, Hutter et al. 
[9] selected 36 households randomly at each location based 
on the characteristics of the antennas. Selection was done 
in such a way as to guarantee a high exposure gradient. 
Base stations were selected out of more than 20 locations 
based on the following criteria: (1) at least 2 years opera­
tion of the antenna; (2) no protest against it before or after 
erection; (3) no nearby other base station; (4) transmission 
only in the 900 MHz frequency band. (The last two criteria 
were not fully met in the urban area.) In order to minimize 
intervention of interviewers all tests and questionnaires were 
presented on a laptop computer and subjects fulfilled all tasks 
on their own. Wellbeing was assessed by a symptoms list (v. 
Zerssen scale), sleeping problems by the Pittsburgh sleep­
ing scale. In addition several tests of cognitive performance 
were applied. Concerns about environmental factors were 
inquired and sources of EMF exposure in the household were 
assessed as well. It was not disclosed to the subjects that the 
study was about the base station, but about environmental fac­
tors in general. Among other measurements high-frequency 
fields were assessed in the bedrooms. From the measured 
field strength of the BCCH maximum and minimum expo­
sure to the base station signals were computed. In addition 
overall power density of all high-frequency fields was mea­
sured. Results of measurements from 336 households were 
available for analysis. Exposure from the base station was 
categorized into three ranges: below 0.1 mW/m2, between 
0.1 and 0.5 mW/m2, and above 0.5 mW/m2• Cognitive per­
formance tended to be better at higher exposure levels and 
was statistically significant for perceptual speed after cor­
rection for confounders (age, gender, mobile phone use, and 
concerns about the base station). Subjective symptoms were 
generally more frequent at higher exposure levels and sta­
tistically increased prevalence was found for headaches, cold 
hands or feet, and concentration difficulties. Although partic­
ipants reported more sleeping problems at higher exposure 
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levels, this effect was removed after controlling for concerns 
about the base station. 

Despite limitations inherent in the cross-sectional study 
design the methodological problems mentioned in the French 
and Spanish investigations were avoided. Authors conclude: 
"The results of this study indicate that effects of very low but 
long lasting exposures to emissions from mobile telephone 
base stations on wellbeing and health cannot be ruled out. 
Whether the observed association with subjective symptoms 
after prolonged exposure leads to manifest illness remains to 
be studied." 

A study in employees working within or opposite a build­
ing with GSM base station antennas on the roof was reported 
by Abdel-Rassoul et al. [10]. The investigation took place 
in Shebin El-Kom City, Menoufiya Governorate, Egypt, 
where the first mobile phone base station was erected in 
1998 on a building for agricultural professions. Overall 37 
subjects working within this building and 48 subjects work­
ing in the agricultural directorate about 10m opposite the 
building were considered exposed. A control group, work­
ing in another building of the agricultural administration 
located approximately 2 km away, consisted of 80 persons. 
Participants completed a structured questionnaire assessing 
educational and medical history. A neurological examination 
was performed and a neurobehavioral test battery (tests for 
visuomotor speed, problem solving, attention and memory) 
was presented. The combined exposed groups were compared 
to the control group that was matched by sex, age and other 
possible confounders. Statistical analysis accounted for these 
variables. Further comparisons were performed between sub­
jects working in the building with the base station on the 
roof and those opposite. Exposed subjects performed signif­
icantly better in two tests of visuomotor speed and one test 
of attention, in two other tests the opposite was the case. 
The prevalence of headaches, memory problems, dizziness, 
tremors, depressive symptoms, and sleep disturbances was 
significantly higher among exposed inhabitants than controls. 
Measurements conducted 3 years before the investigation 
revealed compliance with the Egyptian standard (80 m W /m2) 

with values between 27 and 67 m W /m2, but locations of the 
measurements were not specified. 

Like in the study of Hutter et al. [9] it was not disclosed to 
the participants that the study was about the base station. An 
important aspect is studying employees that occupy the area 
of exposure for 8-16 h a day. Several possible confounders 
(age, sex, education, smoking, and mobile phone use) were 
considered and did not change the reported results. Other fac­
tors like stressful working conditions, indoor pollutants and 
other attributes of the work place were not assessed and might 
have had an effect on the reported symptoms. Although no 
recent measurements were available it can be assumed that 
both, subjects working within the building as well as those 
opposite the building with the base station are exposed at 
comparatively high levels. The picture of one antenna shown 
in the article indicates that the panel is slightly uptilted. It 
can be assumed that the sidelobes of the antenna are directed 

downwards into the building below the base station as well 
as into the opposite building. Measurements in Germany 
revealed that, in contrastto a general belief that there is no sig­
nificant exposure in buildings below a base station antenna, 
the field strength in buildings below an antenna is almost 
equal to field strength in opposite buildings. 

An experimental field trial was conducted in Bavaria [11] 
during three months before an UMTS antenna on a gov­
ernmental building started operation. Based on a random 
sequence the antenna was turned on or off one, two, or three 
days in a row during 70 working days in winter 2003. Con­
ditions were double-blind since neither the experimenters 
nor the participants knew whether the antenna was on or 
off. This was guaranteed by software manipulation of the 
antenna output that prohibited UMTS mobile phones from 
contacting the base station and by locating the computer con­
trolling the antenna in a sealed room. The UMTS antenna 
operated at a mean frequency of 2167.1 MHz. The protocol 
has not been specified, but considering that no real trans­
mission occurred it is assumed that only the service channel 
was used. The antenna had a down-tilt of 8° expected to 
result in rather high exposure within the building. Measured 
electric field strength in the rooms of the participants varied 
between the detection limit of the field probe (0.05 V /m) and 
0.53 V/m (corresponding to 0.75 mW/m2) with an average 
of 0.10 ± 0.09 V/m (corresponding to 0.03 mW/m2). Partici­
pants should answer an online questionnaire on each working 
day they were in the office in the morning when they arrived 
and in the evening shortly before leaving. The questionnaire 
consisted of a symptom list with 21 items, and in the evening 
participants should state whether or not they considered the 
antenna has been on during this day and whether they con­
sidered, if they experienced any adverse effects, these effects 
due to the base station. From approximately 300 employ­
ees working in the building 95 (28 females, 67 males) that 
answered the questionnaire on at least 25% of the working 
days were included in the analysis. 

None of the 21 symptoms showed a statistically significant 
difference between days on and days off. A more comprehen­
sive analysis of the overall score across all21 items applying 
a mixed model with subjects as random factor and autore­
gressive residuals revealed a tendency (p = 0.08) for an effect 
of actual exposure on the difference between morning and 
evening values. Self-rated electrosensitivity had a significant 
effect on evening scores but did not affect difference scores. 
As expected, subjective rating of exposure had a significant 
influence both, on evening scores and score difference. Cor­
rect detection rate of base station transmission mode was 
50% and thus equal to chance. No person was able to detect 
operation mode correctly on significantly more days than 
expected. 

The study design was a great strength of this pilot inves­
tigation. It combined the advantages of a field trial with the 
rigorous control of exposure conditions in an experiment. 
However, there are a number of severe shortcomings too: 
first, no correction for actual exposure has been applied. As 
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stated above, exposure varied considerably within the build­
ing and some participants were not exposed at detectable 
levels at all. The resulting exposure misclassification leads 
to a bias towards the null hypothesis. Furthermore, it was 
not specified which UMTS protocol was actually transmit­
ted. Another important limitation is the quite low exposure 
even in the offices with the highest levels. Problems with 
the statistical evaluation are indicated by a highly significant 
time factor suggesting insufficient removal of autocorrela­
tion. Finally, the symptom list contains several items that 
were not implicated previously as related to exposure from 
base stations (e.g. back pain). Such items reduce the overall 
power to detect an effect of base station exposure. 

A cross-sectional study based on personal dosimetry was 
conducted in Bavaria [12]. In a sample of 329 adults (173 
females, 155 males, and 1 unknown) chronic and acute symp­
toms were assessed. Chronic symptoms were taken from the 
Freiburger Beschwerdeliste and acute symptoms from the 
v. Zerssen list. Symptoms assessed were headache, neuro­
logical symptoms, cardiovascular symptoms, concentration 
problems, sleeping disorders and fatigue. Participants wore 
a dosimeter (Maschek ESM 140) for 24h on the upper arm 
on the side used for holding a phone (during the night the 
dosimeter was placed next to the bed). The dosimeter mea­
sured exposure in frequency bands including GSM 900 up­
and down-link, GSM 1800 up- and down-link, UMTS, DECT 
and WLAN (2.45 GHz). 

Acute symptoms at noon and in the evening were 
dichotomized and related to exposure during the previ­
ous 6 h (night time measurements were considered biased 
and net analyzed). Exposure was expressed in percent of 
the ICNIRP reference levels. Odds ratios for the different 
symptom groups were computed in relation to exposure sub­
divided into quartiles with the first quartile as reference. 
Similarly, dichotomized chronic symptoms were related to 
average day time exposure levels. None of the symptom 
groups was significantly related to exposure. Odds ratios for 
headaches and cardiovascular symptoms during the last 6 
months were increased for all three tested exposure quartiles 
(for headaches odds ratios were: 1.7, 2.7, and 1.2 for 2nd to 
4th quartile; for cardiovascular symptoms these figures were 
1.4, 3.3, and 2.4). But none of these odds ratios was statisti­
cally significant. Acute symptoms at noon and in the evening 
showed a tendency for lower prevalence of fatigue at higher 
exposure levels. Odds ratios for headaches and concentration 
problems in the evening were increased at higher exposure 
levels in the afternoon but also these results were statistically 
not significant (odds ratios for headaches were 1.7, 1.6, 3.1 
and for concentration problems 1.4, 2.0, 1.4 for 2nd to 4th 
quartile of afternoon exposure levels). 

Exposure was low and ranged from a daytime average of 
0.05 V /m (at or below the limit of determination) to 0.3 V /m 
(corresponding to 0.24 mW/m2 power density). (In order 
to make results comparable to other investigations figures 
expressed in percent of ICNIRP reference levels were recal­
culated to field strengths and power densities). Quartiles for 

daytime exposure were: up to 0.075 V /m, 0.075 to 0.087 V /m, 
0.087 to O.llOV/m, and 0.110 to 0.3 V/m.lt can be seen that 
the first three quartiles are almost indiscernible with a ratio 
of the upper limit of the third and first quartiles of only 1.5. 

Although the study of Thomas et al. [12] was the first 
one using personal dosimetry in the context of investigating 
effects of exposure to mobile phone base station signals on 
wellbeing it has not explored the potential of an almost con­
tinuous exposure measurement. Only average exposure was 
computed and the probably most important nighttime values 
were left out. A number of different exposure metrics should 
have been assessed, like duration of exposure above a certain 
limit, maximum exposure level, longest period below limit of 
determination, and variability of exposure levels to name but 
a few. Furthermore, prevalence of symptoms was so low that 
the power of the investigation to detect even substantially 
increased risks was inferior (less than 25% ). Despite these 
shortcomings the study has its merits as a first step in using 
personal dosimetry. An earlier report of the group [13] with 
a comparison between two personal dosimeters (Maschek 
and Antennessa) demonstrated that improvements are neces­
sary before personal dosimetry can be successfully used in 
epidemiological studies. 

A large population-based cross-sectional study was con­
ducted in the context of the German 'Mobile Phone Research 
Program' in two phases [7]. In the initial phase 30,047 per­
sons from a total of 51,444 (58% response rate) who took 
part in a nationwide survey also answered questions about 
mobile phone base stations. Additionally a list of 38 health 
complaints (Frick's list) was answered. Distance to the near­
est base station was calculated based on geo-coded data of 
residences and base stations. In the second phase, all respon­
dents ( 4150 persons) residing in eight preselected urban 
areas were contacted. In total, 3526 persons responded to 
a postal questionnaire (85% response rate) including ques­
tions about health concerns and attribution of symptoms to 
exposures from the base station as well as a number of stan­
dardized questionnaires: the Pittsburgh Sleep Quality Index, 
the Headache Impact Test, the v. Zerssen list of subjective 
symptoms, the profile of mental and physical health (SF 36), 
and a short version of the Trier Inventory of Chronic Stress. 
Overall 1808 (51%) of those that responded to the ques­
tionnaire agreed to have EMF measurement taken in their 
homes. Results of the large survey from the first phase of 
the study revealed a fraction of I 0% of the population who 
attributed adverse health effects to the base station. An addi­
tional 19% were generally concerned about adverse effects 
of mobile phone base stations. Regression analysis of the 
symptoms summary score on distance to the base station 
(less or more than 500 m) and attribution/concerns about 
adverse effects adjusted for possible confounders (age, gen­
der, SES, region and size of community) revealed a small but 
significant increase of the symptom score at closer distance 
to the base station. Higher effects, however, were obtained 
for concerns about adverse effects of the base station (with 
higher scores for those concerned) and still higher effects for 
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those that attributed their health problems to exposures from 
mobile phone base stations. The latter result is only to be 
expected because attribution presupposes existence of symp­
toms and hence those with attribution must have higher scores 
than those without. Because effects of concerns/attribution 
were accounted for in the multivariate model, effect of dis­
tance to the base station is independent of these concerns 
or attributions. In the second phase measurements in the 
bedrooms revealed an overall quite low exposure to EMFs 
from the base station. Only in 34% of the households was 
the exposure above the sensitivity limit of the dosimeters 
of 0.05V/m (~7 j.LW/m2). On average power density was 
31 1-1 W /m2 and the 99th percentile amounted to 307 1-1 W /m2• 

A dichotomization at the 90th percentile (exposure above 
0.1 V/m, corresponding to 26.5 1-1 W/m2) did not indicate any 
effect of exposure on the different outcome variables but 
effects of attribution on sleep quality and overall symptom 
score (v. Zerssen list). 

This large study has a number of important advantages: it 
started from a representative sample of the German popula­
tion with over 30,000 participants and the second phase with 
a regional subsample had a participation rate of 85%. Fur­
thermore, several well-selected standardized tests were used 
in the second phase. Results of the first phase are essentially 
in line with the Austrian study of Hutter et al. [9]. Not only 
the fraction with attribution of health complaints to exposure 
from the base station (10%) is identical, but also the higher 
symptom score in proximity to the base station independent 
of concerns/attributions found in the previous study has been 
replicated. However, the study has also severe shortcomings, 
most notably: the failure to include a sufficient number of par­
ticipants that can be considered as exposed to microwaves 
from the base station. Note that Hutter et al. [9] selected 
households based on the characteristics of the antennas in 
such a way as to guarantee a large exposure gradient. In the 
randomly selected households of the study by Blettner et al. 
[7] the 90th percentile used as cutoff was well below the 
median (~100 j.LW/m2) of the earlier investigation and the 
99th percentile was still below the level (500 1-1 W/m2) that 
was found to increase the prevalence of several symptoms. 
Therefore it is unlikely that the investigation of the second 
phase could detect an effect if it occurs at levels consistent 
with those reported by Hutter et al. [9]. 

2.2. Cancer 

Despite considerable public concerns that exposure to 
microwaves from mobile phone base stations could be detri­
mental to health and may, in particular, cause cancer, up to 
now only two studies of cancer in the vicinity of base stations 
applying basically an ecological design have been published. 

In a Bavarian town, Neila, the physicians of the town 
conducted an epidemiological investigation [14] to assess a 
possible association between exposure to base station radia­
tion and cancer incidence. The design used was an improved 
ecological one. Two study areas were defined: one within 

a circle of 400 m radius around the only base stations (two 
that were located in close proximity to each other) of the 
town, and one area further than 400 m from the base stations. 
Within these defined areas streets were randomly selected 
(after exclusion of a street where a home for retired people 
was situated) and all general practitioners of the town that 
were active during the whole period of operation of the base 
stations (one base station started operation September 1993 
the other December 1997) scanned their files for patients 
living in the selected streets. Overall 967 individuals were 
found, constituting approximately 90% of the reference pop­
ulation. The study period 111994 to 3/2004 was subdivided 
into two segments: The first 5 years of operation of the base 
station (1994 through 1998) and the period from the sixth 
year, 1999, until3/2004. Among the identified individuals 34 
incident cases of cancer (excluding non-melanoma skin can­
cer) were found. Assessment of cancer cases was assumed to 
be complete and all cases were verified histologically and by 
hospital discharge letters (note that there is no cancer registry 
in Bavaria). Age distribution was similar in the two areas with 
a mean age of 40.2 years in both, the area within 400 m of the 
base station and the area further apart. Crude annual cancer 
incidence in the first 5 years after start of operation of the 
base Station was 31.3 X 10-4 and 24.7 X 10-4 in the closer 
and farther area, respectively. In the second period these fig­
ures were 76.7 X w-4 and 24.7 X w-4 • The age and gender 
adjusted expected value of incident cancer cases in the study 
population based on data from Saarland, a German county 
with a cancer registry, is 49 x w-4• In the second period 
cancer incidence in the area within 400 m of the base station 
was significantly elevated, both, compared to the area further 
away as well as compared to the expected background inci­
dence. The incidence in the region further apart was reduced 
but not significantly when compared to the expected value. 

Although this so-called Neila-study applied an improved 
ecological design with a random selection of streets and 
inclusion of some information from selected individuals, it is 
still subject to potential bias because relevant individual risk 
factors could not be included in the analyses. 

A similar though less rigorous study has been performed 
in Netanya, Israel. Wolf and Wolf [15] selected an area 350m 
around a base station that came into operation 7/1996. The 
population within this area belongs to the outpatient clinic 
of one of the authors. The cohort within this area consisted 
of 622 people living in this area for at least 3 years at study 
onset, which was one year after start of operation of the base 
station and lasted for 1 year. Overall cancer incidence within 
the study area was compared to a nearby region, to the whole 
city of Netanya, and to national rates. In the second year 
after onset of operation 8 cancer cases were diagnosed in 
the study area. In the nearby area with a cohort size of 1222 
individuals, 2 cases were observed. Comparison to the total 
population with an expected incidence of31 X 1 o-4 indicates 
a pronounced increase in the study area with an incidence 
of 129 X w-4 . Also against the whole town of Netanya an 
increased incidence was noted especially in women. In an 



M. Kundi, H.-P. Hutter I Pathophysiology xxx (2009) xxx-xxx 7 

addendum authors noted that also in the subsequent year 8 
new cases were detected in the study area while in the period 
5 years before the erection of the base station 2 cases occurred 
annually. Spot measurements of high frequency fields were 
conducted in the homes of cancer cases and values between 
3 and 5 mW/m2 were obtained. Although these values are 
well below guideline levels, they are quite high compared to 
typical values measured in randomly selected homes [7]. 

Also in the case of the Netanya study lack of information 
on individual risk factors makes interpretation difficult. Fur­
thermore, migration bias has not been assessed although only 
subjects were included that occupied the area for at least 3 
years. The short latency after start of operation of the base 
station rules out an influence of exposure on induction period 
of the diseases. The substantial increase of incidence is also 
hardly explainable by a promotional effect. 

3. Experimental studies 

3.1. Experiments in human sensitive and non-sensitive 
individuals 

There are persons who claim to suffer from immediate 
acute as well as chronic effects on exposure to EMF and in 
particular to those from mobile phones or their base stations. 
Often these persons are called EMF hypersensitive (EHS). 
The preferred term agreed upon at a WHO workshop [16] 
was Idiopathic Environmental Intolerance with attribution to 
EMF (lEI-EMF). Indeed, it would be a misunderstanding 
to confuse EHS with allergic reactions; rather these persons 
react with different unspecific symptoms such as headaches, 
dizziness, loss of energy, etc. Whether these persons have 
actually the ability to tell the difference between situations 
with and without exposure to EMFs is an open question. In a 
recent review Roosli [17] concluded that" ... the large major­
ity of individuals who claim to be able to detect low level 
RF-EMF are not able to do so under double-blind conditions. 
If such individuals exist, they represent a small minority and 
have not been identified yet." However, it is important to 
differentiate between EMF sensitivity and sensibility [18]. 
Independent of the question whether or not there are individ­
uals that sense the presence of low levels of EMFs such as 
those measured in homes near mobile phone base stations, 
there could well be an effect of such exposures on wellbeing 
and performance even under short-term exposure conditions. 
In several experimental investigations this question has been 
addressed by exposure of persons with self-reported symp­
toms and also in persons without known adverse reaction to 
an assumed exposure. 

The first of these investigations was carried out by the 
Netherlands Organization for Applied Scientific Research 
(TNO) and published as a research report [19]. Two groups 
of persons were included in the experiment. One group 
consisted of individuals (25 females, 11 males) who have 
previously reported complaints and attributed them to GSM 

exposure. The other group consisted of subjects without such 
complaints (14 females, 22 males). Four experimental condi­
tions were applied in a double-blind fashion: Sham exposure, 
exposureto945MHzGSM, 1840MHzGSM,and2140MHz 
UMTS. Each participant underwent sham exposure and two 
of the active exposure conditions. Sequence of exposure 
was balanced such that each active exposure condition was 
tested equally often at each of three experimental sessions. 
Each experimental session and a training session lasted for 
45 min. All three experimental sessions and the training ses­
sion were completed on one day for each participant. Both, 
for GSM and UMTS exposure, a base station antenna was 
used and a simulated base station signal was transmitted dur­
ing sessions. For the GSM conditions a 50% duty cycle (4 
slots occupied) was applied with pulses of peak amplitudes 
of 1 V/m (0.71 V/m effective field strength; corresponding 
to 1.3 mW/m2). For UMTS exposure a protocol was used 
with different low frequency components and an effective 
field strength of 1 V/m (corresponding to 2.7 mW/m2). Dur­
ing each session several performance tests were conducted 
and immediately after each session a wellbeing questionnaire 
was administered (an adapted version of the Quality-of-Life 
Questionnaire of Bulpitt and Fletcher [20] with 23 items). 

Overall score of wellbeing was significantly reduced 
in both groups after the UMTS condition compared to 
sham exposure. Considering subscores anxiety symptoms, 
somatic symptoms, inadequacy symptoms, and hostility 
symptoms were increased in the groups of sensitive individ­
uals whereas in the control group only inadequacy symptoms 
were increased after UMTS exposure compared to sham. No 
effects were found in the two GSM exposure conditions. 
Concerning cognitive performance both groups revealed sig­
nificant exposure effects in almost all tests in different 
exposure conditions. In most of these tests reaction time was 
reduced except for one simple reaction time task. 

This study had an enormous echo both in the media as 
well as in the scientific community because it was the first 
experimental investigation with very low exposure to base 
station like signals and in particular to UMTS signals, and 
because it was conducted by a highly respected research insti­
tution reporting systematic effects of exposure that seemed 
to support citizens initiatives claiming that base stations have 
adverse effects on wellbeing and health. Immediately doubts 
were expressed that results could be biased due to a faulty 
methodology. In fact, study design can be improved. First 
of all testing all exposure conditions on the same day has 
the advantage to reduce variance from between day differ­
ences but could cause transfer effects if biological reactions 
do not immediately terminate after end of exposure and start 
of the next condition. Also time-of-day effect from chrono­
biological variations could be superimposing the reactions 
from exposure. Such effects are sometimes not removed by 
balancing exposure conditions. Second, not all subjects were 
tested under all exposure conditions. The decision to reduce 
total experimental duration by presenting only two of the 
three exposure conditions together with sham was sound but 
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on the other hand led to a reduced power. Several other argu­
ments such as the different gender distribution in the two 
groups are not very important because each subject served as 
his/her own control and comparison between groups was not 
important in this investigation. Other criticism was expressed 
against statistical analysis. No correction for multiple testing 
was applied. While some advice protection against inflation 
of type I error others recommend correction only for cru­
cial experiments and not for pilot studies like this. Another, 
more serious, criticism was put forward against disregarding 
sequence of experimental conditions. As mentioned above, 
sequence, transfer, and time-of-day effects could have corn­
promised results because such effects are not completely 
removed by balancing exposure sequence. Due to this crit­
icism several studies were planned that should investigate 
whether the effects observed in the TNO study are robust and 
could be replicated under improved study designs. 

One of these experiments was performed in Switzerland 
[21]. Like in the TNO study, two groups of individuals 
were included: one with self-reported sensitivity to RF-EMF 
(radio-frequency EMF) and a reference group without corn­
plaints. The first group consisted of 33 persons (19 females, 
14 males) and the reference group of 84 persons ( 4 3 females, 
41 males). The experiment consisted of three experimental 
and one training session each 1 week apart performed on the 
same time of day (±2 h). Design was a randomized double­
blind cross-over design like in the case of the TNO study, 
however, with a week between sessions and with all sub­
jects tested under all experimental conditions that were solely 
simulated UMTS base station exposure at 1 V /rn, 1 0 V /rn 
and sham. The same UMTS protocol as in the TNO study 
was used. Each exposure condition lasted for 45 min. Dur­
ing exposure two series of cognitive tasks were performed. 
After each exposure condition the same questionnaire as has 
been used in the TNO study was applied and questions about 
sleep in the previous night, alcohol, coffee consumption, 
etc., were asked. Moreover, subjects had to rate the per­
ceived field strength of the previous exposure condition on a 
visual analogue scale. In addition, before and after each ses­
sl.on the short Questionnaire on Current Disposition [22] was 
answered by participants. Questionnaires were presented in 
a separate office room. 

Except for a significant reduction of performance speed 
of sensitive participants in the 1 V /rn condition in one of six 
cognitive tests no effect of exposure was detected. In par­
ticular, no reduction of wellbeing neither as assessed by the 
TNO questionnaire nor from scores of the Questionnaire on 
Current Disposition was found. Also correlation between per­
ceived and real exposure was not more often positive than 
expected from chance. Fig. 2 compares results of the TNO 
study and the results of Regel et al. [21] for the matching 
conditions (UMTS at 1 V /rn). There are some notable differ­
ences between the two studies: first, the reference group in 
the study of Regel et al. [21] had significantly higher scores 
(reduced wellbeing) as the reference group in the TNO study 
in both the sham and the UMTS 1 V /rn condition; second, 

Sham UMTS Sham UMTS 
TNO SIUd)' 2003 

l'lliiSensitiw 
Sham UMTS Sham UMTS • Reference 

Regel et at 2008 

Fig. 2. Comparison of mean (±SEM) overall wellbeing scores (TNO ques­
tionnaire) obtained in the TNO study [19] and in the study of Regel eta!. 
[21] for the matching conditions: Sham exposure and UMTS exposure at 
1 V /min sensitive participants and the reference group. 

average scores from sensitive participants after exposure at 
1 V /rn are comparable in both studies but the sham condi­
tion resulted in much lower scores (better wellbeing) in the 
TNO study. There are several explanations for this difference 
between the two studies. It is possible that the reference group 
in the TNO study consisted of exceptionally robust individ­
uals. The fraction of males was higher in the TNO study and 
males have typically lower scores. However, considering that 
the reference group in the TNO study was almost 10 years 
older (mean age 4 7 years) as compared to the study of Regel et 
al. [21] (mean age 38 years) this is not a satisfactory explana­
tion. It is possible that the basic adversity of the experimental 
setup was higher in the latter study resulting in overall greater 
reduction of wellbeing. That this has not been observed in the 
sensitive group assumed to be more vulnerable to a 'nocebo' 
effect (the nocebo effect is the inverse of the placebo effect 
describing a situation when symptoms occur due to expecting 
adverse reactions) in both conditions could be due to a ceiling 
phenomenon. Although the study by Regel et al. [21] had an 
improved design and could not replicate the earlier findings 
of the TNO study, doubts exist whether this can be considered 
a refutation of an effect of UMTS exposure on wellbeing. 

Another experimental study in sensitive and non-sensitive 
participants has been conducted in Essex, Great Britain, by 
Eltiti et al. [23]. The experiment consisted of two phases: 
an open provocation test and a series of double-blind tests. 
In the open provocation phase 56 self-reported sensitive and 
120 non-sensitive control individuals participated. Of these, 
44 sensitive (19 females, 25 males) and 115 controls (49 
females, 66 males) also completed the double-blind tests. 
Participants took part in four separate sessions each at least 
1 week apart. First session was the open provocation trial, 
sessions 2-4 were double-blind exposure trials with a sham, 
a GSM and a UMTS exposure condition. Double-blind ses­
sions were reported to last for 1.5 h, however, Table 1 of the 
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article showed an overall length of 48 min only. GSM expo­
sure was a simulated base station signal with both a 900 and 
a 1800 MHz component each at an average level of 5 m W 1m2 

and with a simulated BCCH with all time slots occupied and a 
TCH with a simulated 40% call activity resulting in a total of 
10mW/m2 GSM exposure at the position of the participants 
(corresponding to 1.9V/m E-field strength). The UMTS sig­
nal had a frequency of 2020 MHz with a power flux density 
of 10 mW/m2 over the area where the participant was seated. 
Traffic modeling for the UMTS signal was achieved using a 
test model representing a realistic traffic scenario, with high 
peak to average power changes. During double-blind ses­
sions participants watched a BBC "Blue Planet" video for 
20 min, performed a mental arithmetic task for 20 min, per­
formed a series of cognitive tasks lasting 8 min, and made 
'on/off' judgments. During the first 40 min every 5 min sub­
jective wellbeing was recorded on visual analogue scales 
(VAS) measuring anxiety, tension, arousal, relaxation, dis­
comfort, and fatigue. In addition a symptom scale consisting 
of 57 items was answered. During the whole period physio­
logical measurements of heart rate, blood volume pulse, and 
skin conductance were performed. 

Physiological measurements revealed higher average val­
ues for sensitive individuals compared to controls which were 
especially high under UMTS exposure conditions. Symptom 
list did not reveal any differences between double-blind con­
ditions, but the overall frequency of solicited symptoms was 
low. Concerning subjective wellbeing as assessed by VAS 
there were increased values for anxiety, tension, and arousal 
under GSM and especially UMTS exposure conditions. Com­
bining all scores of the six scales (with relaxation reflected) 
reveals a significant increase during UMTS exposure com­
pared to sham for the sensitive group and a significant 
reduction for the control group (see Fig. 3). Judgment of par­
ticipants about presence of exposure was not correct more 
often than inferred from chance. 

3 

0 
Sham GSM UMTS Sham GSM UMTS 

Fig. 3. Mean (±SEM) total visual analogue scale scores computed from 
Table 2 of Eltiti eta!. [23] during sham, GSM, or UMTS exposure in sensitive 
and control individuals. 

The increased values for anxiety, tension, and arousal 
found in this investigation were interpreted by the authors 
as due to an imbalance in the sequence of conditions with 
UMTS being more often the first exposure condition pre­
sented in the double-blind sessions. The imbalance was due 
to not reaching the predefined sample size. This points to the 
importance of setting the block size for randomization to a 
low level (e.g. in this experiment with 6 possible exposure 
sequences a block size of 18 would have been appropri­
ate). Interpretation of authors, however, is questionable as 
pointed out by Roosli and Russ [24]. For arousal tabulated 
values stratified for sequence of presentation (Table 3 in [23]) 
demonstrates that the difference between sham and UMTS is 
present regardless of sequence of presentation. An additional 
analysis of the authors presented in response to the criticism 
in their statistical analysis seems to support their view that the 
observed difference to sham is due to a sequence effect. How­
ever, it seems that this analysis has not been correctly applied 
as the sequence was introduced as a between subjects factor 
which corrects only the interaction between group and con­
dition. Also the figure they provided [23] is inconclusive as 
it only demonstrates what is already known: that first expo­
sure leads to higher reduction of wellbeing (higher values 
of arousal). This investigation, although well designed and 
applying a more realistic exposure scenario than the other two 
studies, leaves some questions open. Despite an apparent cor­
roboration of the findings of the TNO study, the imbalance in 
the sequence of exposures makes it difficult to decide whether 
the interpretation of authors that the observed effect is due to 
an excess number of UMTS exposures presented first in the 
sequence is correct or an actual effect occurred. Irrespective 
of these difficulties, consistent with the other investigations, 
wellbeing was not strongly affected. 

There are several other investigations of a similar type 
that have been completed and already reported at scientific 
meetings (e.g. Watanabe, Japan; Augner, Austria, personal 
communication) but have not yet been published. 

3.2. Animal and in vitro experiments 

Anane et al. [25] applied the DMBA (7,12-dimethyl­
benz(a)anthracene) model of mammary tumor induction in 
female Sprague-Dawley rats to test whether a sub-chronic 
exposure to microwaves from a GSM-900 base station 
antenna affects tumor promotion or progression. Exposure 
was 2 h/day, 5 days/week for 9 weeks starting 10 days 
after application of 10mg DMBA administered at an age 
of animals of 55 days. Exposure was applied in an anechoic 
chamber with animals placed in Plexiglas compartments that 
confined animals to a position parallel to theE-field. Details 
of the exposure protocol were not provided. Two series of 
experiments were conducted with four groups of 16 animals 
each. In the first experiment groups were: sham, 1.4, 2.2, 
and 3.5 W/kg whole-body SAR, and the second experiment 
with sham, 0.1, 0.7, and 1.4 W/kg. In the first experiment 
the tumor incidence rate was significantly increased at 1.4 
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and 2.2 W /kg exposure, while in the second experiment the 
incidence at 1.4 W/kg was significantly reduced. 

The experiment by Anane et al. [25] is inconclusive not 
only because of the divergent results of the two experiments 
at the same exposure condition (1.4 W/kg SAR) but mainly 
because of the insufficient size of experimental groups. With 
a 70% background tumor incidence as observed in this inves­
tigation even for an increase to 100% in the exposed group 
the power to detect this difference at a significance level of 
5% is less than 60%. Furthermore, considering experimen­
tal and biological variation substantial differences may occur 
by chance simply due to different distribution of background 
risk between experimental groups. Therefore, in contrast to 
the statement of authors that relevant differences would be 
detected with 16 animals per group, the study was severely 
underpowered and prone to spurious effects from uneven dis­
tribution of background risk. Also stress from confinement 
of animals could have contributed to the ambiguous results. 

Yurekli et al. [26] report an experiment in male Wistar 
albino rats with the aim to analyze oxidative stress from 
whole-body exposure to a GSM 945 MHz signal at a SAR 
level of 11.3 mW/kg. In a gigahertz transverse (GTEM) cell 
a base station exposure in the far field was simulated. Two 
groups of rats, 9 animals in each group, were either exposed 
7 h a day for 8 days or sham exposed. At the end of the expo­
sure blood was withdrawn and malondialdehyde (MDA), 
reduced glutathione (GSH), and superoxide dismutase (SOD) 
were measured. MDA as well as SOD was significantly 
increased after exposure compared to sham, while GSH was 
significantly reduced. These results indicate that exposure 
may enhance lipid peroxidation and reduce the concentration 
of GSH which would increase oxidative stress. A disadvan­
tage in this experiment was that the experiments were carried 
out sequentially and therefore animals differed in weight and 
no blinding could be applied. 

In a series of experiments conducted in the Kashima Labo­
ratory, Kamisu, Japan, different in vitro assays were applied 
to test whether irradiation with 2.1425 GHz, which corre­
sponds to the middle frequency allocated to the down-link 
signal of IMT-2000 (International Mobile Telecommunica­
tion 2000, a 3G wide-band CDMA system), leads to cellular 
responses relevant for human health [27-29]. In the first 
experiment phosphorylation and gene expression of p53 was 
assessed [27]. In the second experiment heat-shock protein 
expression was evaluated in the human glioblastoma cell 
line Al72 and human IMR-90 fibroblasts [28]. The effect 
of exposure of BALB!f3T cells on malignant transforma­
tion, on promotion in MCA (3-methylcholanthrene) treated 
cells, and on co-promotion in cells pretreated with MCA and 
co-exposed to TPA ( 12-0-tetradecanoylphorbol-13-acetate) 
was investigated by Hirose et al. [29]. In none of these exper­
iments applying the same exposure regimen but different 
intensities and exposure durations (80mW/kg SAR up to 
800 m W /kg SAR, 2 h to several weeks) an effect of exposure 
was observed. Exposure facility comprised of two anechoic 
chambers allowing blinded simultaneous exposure of an array 

of 7 x 7 dishes in each chamber. Dishes were placed in a cul­
ture cabinet located in the anechoic chamber and exposed to 
radiation from a horn antenna whose signals were focused 
by a dielectric lens to obtain homogenous irradiation of the 
dishes. Details of the exposure protocol were not disclosed. 
It is stated that an IMT-2000 signal at a chiprate (a chip is 
a byte of information) of 3.84Mcps was used for exposure. 
Assuming that it did not contain any low-frequency compo­
nents as typically present in actual exposures the implications 
of the findings are unclear. It is rarely supposed that the 
high-frequency components of RF-EMFs itself are able to 
elicit any relevant effects in the 'low-dose' range. Rather 
low-frequency modulation may contribute to biological 
responses. Therefore, results of these Japanese investigations 
are of limited value for risk assessment, conditional on them 
having no such biologically relevant exposure attributes. 

4. Discussion 

Although there is considerable public concern about 
adverse health effects from long-term exposure to 
microwaves from mobile phone base stations there are only 
few studies addressing this issue. Several reasons can be iden­
tified for the scarcity of scientific investigations. First of all, 
WHO has discouraged studies of base stations, at least con­
cerning cancer as endpoint, because retrospective assessment 
of exposure was considered difficult. Also COST 281 did not 
recommend studies of base stations and stated in 2002: "If 
there is a health risk from mobile telecommunication systems 
it should first be seen in epidemiological studies of handset 
use." 

It is not appreciated that there are substantial and important 
differences between exposure to handsets and base stations. 
The typically very low exposure to microwaves from base sta­
tions, rarely exceeding 1 mW/m2, was deemed very unlikely 
to produce any adverse effect. Assuming energy equivalence 
of effects a 24h exposure at 1 mW/m2 from a base station 
would be roughly equivalent to 30 min exposure to a mobile 
phone operating at a power of 20 m W (average output power 
in areas of good coverage). Because we do not know whether 
time-dose reciprocity holds for RF-EMF and whether there is 
a threshold for biological effects, there is no a priori argument 
why such low exposures as measured in homes near base sta­
tions could not be of significance for wellbeing and health. 
As an example from a different field of environmental health 
consider noise exposure: it is well known that at noise levels 
exceeding 85 dB(A) a temporary shift of hearing threshold 
occurs and that, besides this short-term effect, after years of 
exposure noise induced hearing loss may occur. On the other 
hand, at a sound pressure of more than a factor of 1000 below, 
when exposure occurs during the night, exposed individuals 
will experience sleep disturbances that could affect health 
in the long run. From this example it follows that exposure 
may have qualitatively different effects at different exposure 
levels. 



M. Kundi, H.-P. Hutter I Pathophysiology xxx (2009) xxx-xxx 11 

The most important difference between mobile phone 
use and exposure from base station signals is duration of 
exposure. While mobile phones are used intermittently with 
exposure duration seldom exceeding 1 h per day, exposure to 
base stations is continuous and for up to 24 h a day. It has also 
to be mentioned that the exposure of mobile phone users is 
in the near field and localized at the head region, while base 
stations expose the whole body to the far field. Strictly speak­
ing exposure from mobile phones and their base stations have 
almost nothing in common except for the almost equal car­
rier frequency that is likely of no importance for biological 
effects. 

Concerning reconstruction of exposure to base station 
signals there is no greater difficulty than for retrospective 
assessment of exposure to mobile phones. It is not always 
necessary to determine exposure precisely. For epidemiolog­
ical investigations it often suffices to have a certain gradient 
of exposures. As long as any two persons can be differen­
tiated along such a gradient epidemiological investigations 
can and should be carried out. 

There are seven field studies of wellbeing and exposure 
to base station signals available to date. Two were in occu­
pational groups working in a building below [11] or below 
as well as opposite a building with a roof-mounted base 
station antenna [10]. The other five were in neighbors of 
base stations: Santini et al. [5,6], Navarro et al. [8], Hutter 
et al. [9], Blettner et al. [7], and Thomas et al. [12]. Stud­
ies had different methodologies with the least potential for 
bias in the studies of Hutter et al. [9] and Blettner et al. 
[7). All other studies could be biased due to self-selection 
of study participants. One study explored personal dosime­
try during 24 h [12] but results were inconclusive due to 
insufficient power and omission of nighttime measurements. 
The study of Blettner et al. [7) had an interesting design 
with a first phase in a large population based representative 
sample and a second phase with individual measurements 
in the bedrooms of participants that were a subgroup of 
the larger sample. Unfortunately this second sample did 
not contain a sufficiently large fraction of individuals with 
relevant exposure (99% had bedside measurements below 
0.3mW/m2). 

Despite some methodological limitations of the different 
studies there are still strong indications that long-term expo­
sure near base stations affects wellbeing. Symptoms most 
often associated with exposure were headaches, concentra­
tion difficulties, restlessness, and tremor. Sleeping problems 
were also related to distance from base station or power den­
sity, but it is possible that these results are confounded by 
concerns about adverse effects of the base station, or more 
generally, by specific personality traits. While the data are 
insufficient to delineate a threshold for adverse effects the 
lack of observed effects at fractions of a mW/m2 power den­
sity suggests that, at least with respect to wellbeing, around 
0.5-1 m W 1m2 must be exceeded in order to observe an effect. 
This figure is also compatible with experimental studies of 
wellbeing that found effects at 2.7 and 10mW/m2. 

There are regular media reports of an unusually high inci­
dence of cancer in the vicinity of mobile phone base stations. 
Because there are several hundred thousand base stations 
operating all over the world some must coincide by chance 
with a high local cancer incidence. Regionally cancer inci­
dence has a distribution with an overdispersion compared 
to the Poisson distribution. Overdispersion is predominantly 
due to variations in the distribution of age and gender. There­
fore, a much higher number of cases than expected from 
average incidences can occur by chance. Unfortunately there 
are no multi-regional systematic investigations of cancer inci­
dence related to mobile phone base stations available to date. 
Only studies in a single community, one in Bavaria [14] and 
one in Israel [15], have been published that reported a sig­
nificantly increased incidence in an area of 400 and 350m 
around a base station, respectively. Although incidence in 
proximity to the base station strongly exceeded the expected 
values and was significant even considering overdispersion 
in the case of the Neila study in Bavaria, still no far reach­
ing conclusions can be drawn due to the ecological nature 
of the studies. However, both studies underline the urgent 
need to investigate this problem with an appropriate design. 
Neubauer et al. [30] have recommended focusing initially on 
short-term effects and 'soft' outcomes given the problems of 
exposure assessment. However, as has been mentioned previ­
ously, the problems of exposure assessment are less profound 
as often assumed. A similar approach as chosen in the study of 
leukemia around nuclear power plants [31] could be applied 
also for studying cancer in relation to base station exposure. 
Such a case--control design within areas around a sufficiently 
large sample of base stations would provide answers to the 
questions raised by the studies of Eger et al. [14] and Wolf 
and Wolf [15]. 

In 2003 the so-called TNO study [19] had received wide 
publicity because it was the first experimental investigation 
of short-term base station exposure in individuals that rated 
themselves sensitive to such signals. A lot of unfounded crit­
icism was immediately raised such as complaints about the 
limited sample size and the not completely balanced design. 
But also valid arguments have been put forward. The consec­
utive tests with all experimental conditions presented one 
after the other could result in sequential effects that may 
not be completely removed by balancing the sequence of 
exposures. In several countries follow-up studies were ini­
tiated two of which have already been published [21,23]. 
One of these experiments partly supported the TNO study 
the other found no effect. While the study of Regel et al. [21] 
closely followed the conditions of the previous experiment 
only avoiding the shortcomings of a sequential within-day 
design and improvements by including two intensities of 
UMTS exposure, the study of Eltiti et al. [23] had a different 
procedure and included physiological measurements. Regel 
et al. [21] applied the same questionnaire as has been used in 
the TNO study. Because non-sensitive participants and sensi­
tive participants during sham exposure (despite their almost 
10 years younger age) reported considerably lower wellbeing, 
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it is possible that the experimental setup was more adverse 
and imposed too much stress such that these conditions con­
founded the effect of the base station exposure. Results of the 
other replication experiment of Eltiti et al. [23] may be com­
promised by an imbalance in the sequence of experiments 
with more sensitive participants receiving UMTS exposure 
in the first session. Hence, based on available evidence, it can­
not be firmly decided whether such weak signals as applied in 
these experiments to simulate short-term base station expo­
sure affects wellbeing. 

Concerning animal experiments and in vitro investiga­
tions the data base is insufficient to date. While in vivo 
exposure of Wistar albino rats [26] imply an induction of 
oxidative stress or an interaction with antioxidant cellular 
activity, in vitro experiments [27] found no indication of 
cellular stress in human glioblastoma cells and fibroblasts. 
While some may be inclined to attribute effects in the low­
dose range to experimental errors there is the possibility 
that the characteristics of the exposure that are relevant for 
an effect to occur simply vary in the experiments and lead 
to ambiguous results. As long as these decisive features of 
the exposure (if they actually exist) are unknown and in 
particular the type and components of low-frequency modu­
lation vary across experiments, it is impossible to coherently 
evaluate the evidence and to come to a science based conclu­
sion. 

Overall results of investigations into the effects of expo­
sure to base station signals are mirroring the broader spectrum 
of studies on handsets and on RF-EMF in general. There 
are indications from epidemiology that such exposures affect 
wellbeing and health weakly supported by human provo­
cation studies and an inconclusive body of evidence from 
animal and in vitro studies. 
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Objective: Extremely low frequency (ELF) and radio frequency (RF) magnetic fields (MFs) pervade our environment. Whether or not 
these magnetic fields are associated with increased risk of serious diseases, e.g., cancers and Alzheimer's disease, is thus important when 
developing a rational public policy. The Bioinitiative Report was an effort by internationally recognized scientists who have spent significant 
time investigating the biological consequences of exposures to these magnetic fields to address this question. Our objective was to provide an 
unbiased review of the current knowledge and to provide our general and specific conclusions. Results: The evidence indicates that long-term 
significant occupational exposure to ELF MF may certainly increase the risk of both Alzheimer's disease and breast cancer. There is now 
evidence that two relevant biological processes (increased production of amyloid beta and decreased production of melatonin) are influenced 
by high long-term ELF MF exposure that may lead to Alzheimer's disease. There is further evidence that one of these biological processes 
(decreased melatonin production) may also lead to breast cancer. Finally, there is evidence that exposures to RF MF and ELF MF have 
similar biological consequences. Conclusion: It is important to mitigate ELF and RF MF exposures through equipment design changes and 
environmental placement of electrical equipment, e.g., AC/DC transformers. Further research related to these proposed and other biological 
processes is required. 
© 2009 Elsevier Ireland Ltd. All rights reserved. 
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1. Introduction 

In this review, we emphasize (a) two proposed biologi­
cal models "explaining" the apparent relationship between 
high, long-term exposure to extremely low frequency (ELF) 
magnetic fields (MFs) and Alzheimer's disease (AD), one 
of which also relates to breast cancer and (b) areas of bio­
logical research needed to confirm or refute these models. 
Prior to this discussion, we provide the conclusions from our 
detailed review chapter (Section 12: Davanipour and Sobel 
[1]) in the Bioinitiative Report [2] related to epidemiologic 
research, which initially identified these relationships. We 
refer the reader to Section 12 and supporting, peer-reviewed 
papers for details of the epidemiologic studies discussed in 
that section. Other papers in this issue of Pathophysiology 
(e.g., on the stress response and DNA strand breaks) demon­
strate that exposures to ELF MF and radio frequency (RF) 
MF often have the same biological consequences. 

2. Epidemiologic studies presented in the 
Bioinitiative Report related to Alzheimer's disease 
and breast cancer 

The conclusions reached from our detailed review of the 
literature in Section 12 in the Bioinitiative Report (see refer­
ences for URL) on long-term significant ELF MF exposure 
and Alzheimer's disease and breast cancer are provided below 
[1]. The section references below refer to sub-sections of 
Section 12 of the Bioinitiative Report. 

Melatonin production (Section II). Eleven of the 13 
published epidemiologic residential and occupational stud­
ies are considered to provide (positive) evidence that high 
long-term ELF MF exposure can result in decreased mela­
tonin production. The two negative studies had important 
deficiencies which may certainly have biased the results. 
Thus, there is sufficient evidence to conclude that long­
term relatively high ELF MF exposure can result in a 
decrease in melatonin production. It has not been determined 
to what extent personal characteristics, e.g., medications, 
interact with ELF MF exposure in decreasing melatonin 
production. 

2.1. Alzheimer's disease 

Section 12 of the Bioinitiative Report provides the details 
of the following conclusions. 

• There is initial evidence that (i) a high level of peripheral 
amyloid beta, generally considered the primary neurotoxic 
agent when aggregated, is a risk factor for AD and (ii) 
medium to high MF exposure can increase peripheral amy­
loid beta. High brain levels of amyloid beta are also a 
risk factor for AD and medium to high MF exposure to 
brain cells likely also increases these cells' production of 
amyloid beta (Section IliA). 

• There is considerable in vitro and animal evidence that 
melatonin protects against AD. Therefore, it is cer­
tainly possible that low levels of melatonin production 
are associated with an increase in the risk of AD 
(Section ITIB). 

• There is strong epidemiologic evidence that long-term 
exposure to ELF MF is a risk factor for AD. There are seven 
studies of ELF MF exposure and AD that met our inclu­
sion criteria. Six of these studies are more of less positive 
and only one is negative. The negative study has a seri­
ous deficiency in ELF MF exposure classification which 
results in subjects with rather low exposure being con­
sidered as having significant exposure. Several published 
studies were excluded from further consideration due to 
serious deficiencies, primarily diagnostic inaccuracy (e.g., 
use of death certificates for diagnosis of AD) and/or seri­
ous exposure assessment problems. These latter studies 
likely had risk estimated seriously biased towards the null 
hypothesis of no risk. It should be noted, however, that 
even some of these studies were positive (Sections IIIC 
and IIID). 

2.2. Breast cancer 

There is sufficient evidence from in vitro and animal stud­
ies, from human biomarker studies, from occupational and 
light at night case-control studies, and the only two longi­
tudinal studies with appropriate collection of urine samples 
to conclude that high ELF MF exposure may certainly be 
a risk factor for breast cancer (Section IV). Note that at 
the time the Bioinitiative Report was made public, there 
was only one longitudinal study with appropriate collec­
tion of urine samples. There are now two such studies 
[3,4]. 

Seamstresses. Seamstress is, in fact, one of the most 
highly ELF MF exposed occupations, with exposure levels 
generally well above 10 mG over a significant propor­
tion of the workday. Seamstresses have been consistently 
found to be at higher risk of Alzheimer's disease and 
breast cancer. This occupation deserves specific attention 
in future studies. We are unaware of any measurements 
of RF MF among seamstresses (Section V and throughout 
Section 12). 

3. Biological hypotheses relating ELF MF exposure 
to Alzheimer's disease and breast cancer 

Two biological hypotheses are discussed. The first one 
relates ELF MF exposure to increased amyloid beta (AI3) 
production and subsequent development of AD. The sec­
ond one relates ELF MF exposure to decreased melatonin 
production. Decreased melatonin production appears to have 
differing deleterious consequences related to AD and breast 
cancer development. 
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Fig. 1. Hypothesized biological pathway from MF exposure to AD Development (from Sobel and Davanipour [5]). 

3.1. ELF MF exposure and peripheral and brain 
production of amyloid beta (Fig. 1) 

The ELF MF exposure and increased amyloid beta hypoth­
esis was developed by Sobel and Davanipour as a result of our 
initial findings that long-term ELF MF occupational exposure 
was a risk factor for AD [5] (see Fig. 1). Seamstress was the 
most common occupation among subjects with AD in the five 
databases we investigated [6-8]. ELF MF exposure among 
seamstresses had not been measured prior to our 1995 study 
[6]. Beginning in 1994, we measured a very large number 
of seamstresses working in either a factory setting or indi­
vidually. Their exposures were very high, particularly when 
using an industrial sewing machine. The highest exposures 
were, however, not to the brain, because the motor on indus­
trial machines is located at the knees. The motor or AC/DC 
transformer in home sewing machines is in the machine arm 
located near the operator's chest and right arm. This periph­
eral exposure led us to consider how peripheral ELF MF 
exposure might be associated with development of amyloid 
plaques in the brain. 

Our biologically plausible hypothesis relating MF expo­
sure to AD is based on the independent work of many 
researchers in several different fields. Details and refer­
ences are provided in Sobel and Davanipour [5]. Briefly, the 
hypothesized process involves increased peripheral or brain 
production of Al3 as a result ofMF exposure causing voltage­
gated calcium ion channels to be open longer than normal. 
This results in abnormally high intracellular levels of calcium 
ions which in tum results in the production of Af3. The result-

ing Al3 is quickly secreted into the blood. If peripheral, the 
Al3 is then transported to and through the blood-brain barrier, 
perhaps best chaperoned by the e4 isoform of apolipoprotein 
E (apoE). (Note that this might be one reason why the e4 
isoform is a risk factor for AD.) Fig. 1 provides a schematic 
outline of the hypothesis. Each step in the proposed pathway 
is supported by in vitro studies. 

At the time of publication of this hypothesis, no human 
studies related to this hypothesis had been conducted. There 
are now two groups that have published relevant studies, 
without apparently any knowledge of our hypothesis-or 
at least no reference to the hypothesis: (1) high levels of 
peripheral Al3t--42• the more neurotoxic version of Af3, has 
been found to be a risk factor for AD [9,10]; acute expo­
sure to ELF MF increases peripheral Al3 [11]. Details may 
also be found in the Bioinitiative Report (Section IliA) 
[1 ]. 

3.2. Melatonin-background 

Melatonin is found in every cell of the body and readily 
crosses the blood-brain barrier. It scavenges reactive oxygen 
species (ROS) at both physiologic and pharmacologic con­
centrations. In the literature, "physiologic" refers to blood 
level concentrations of melatonin, while "pharmacologic" 
indicates 2-3 orders of magnitude higher concentration. 
Recently, intracellular levels of melatonin, especially within 
the nucleus, have been shown to be naturally at "pharma­
cologic" levels for all cellular organelles studied to date 
[12,13]. 
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Note: Dashed lines indicate studies directly relating ELF MF exposure, light-at­
night or shift work, or lower melatonin production to breast cancer 
occurrence. Section references refer to Section 12 of the Bioinitiative 
Report [1}. 

Fig. 2. Outline of the evidence that ELF MF exposure causes breast cancer through decreases in melatonin production-with section references to Section 12, 
Bioinitiative Report [I]. Note: Dashed lines indicate studies directly relating ELF MF exposure, light-at-night or shift work, or lower melatonin production to 
breast cancer occurrence. 

3.3. Low melatonin production and Alzheimer's disease 

Numerous in vitro and animal studies indicate that mela­
tonin may be protective against AD and thus low or lowered 
melatonin production may be a risk factor for AD. These 
studies have found that melatonin has the following effects: 

• Inhibition of the neurotoxicity and cytotoxicity of Aj3, 
including in mitochondria [14-19]; 

• Inhibition of the formation of 13-pleated sheet structures 
and Al3 fibrils [20-25]; 

• Reversal of the profibrillogenic activity of apolipoprotein 
E e4, an isoform conferring increased risk of AD [21]; 

• Inhibition of the oxidative stress in vitro and in transgenic 
mouse models of AD, if given early [23,26,27], but not 
necessarily if given to old mice [28]; 

• Increase in survival time in mouse models of AD [23]; 
• Reduction of oxidative stress and of proinflammatory 

cytokines induced by Al31-40 in rat brain in vitro and in 
vivo [29-31]; 

• Decrease of the prevalence of Al31-40 and Al31-42 in the 
brain in young and middle aged mice [32]; 

• Improvement of memory and learning in rat models of 
AD pathology [33,34], but not necessarily in Aj3-infused 
rat models [35]. 

Note that transgenic mouse models of AD mimic senile 
plaque accumulation, neuronal loss, and memory impair­
ment. There have been several reviews, e.g., [36-39]. Thus, 
chronic low levels of melatonin production may be etiologi­
cally related to AD incidence [40]. 

3.4. Low melatonin production and breast cancer 

See Fig. 2 for a diagram of the discussed relationships 
between ELF MF exposure and breast cancer risk. 

In vitro studies related to prevention of oxidative damage. 
Well over 1000 publications have found that melatonin neu-

tralizes hydroxyl radicals and reduces oxidative damage. For 
reviews see Tan et al. [ 41] and Peyrot and Ducrocq [ 42]. Mela­
tonin has also been shown to act synergistically with vitamin 
C, vitamin E and glutathione [43] and stimulates the antioxi­
dant enzymes superoxide dismutase, glutathione peroxidase 
and glutathione reductase [44]. Furthermore, 

• melatonin neutralizes hydroxyl radicals more efficiently 
than does reduced glutathione [45,46]; 

• melatonin reduces oxidative damage to macromolecules 
in the presence of free radicals [47,48] due at least to its 
free radical scavenging properties [49]; 

• melatonin increases the effectiveness of other antioxidants, 
e.g., superoxide dismutase, glutathione peroxidase, and 
catalase [50-54]; 

• melatonin has protective effects against ultraviolet and ion­
izing radiation [55-57]; 

• melatonin has been found to be a more potent protector 
from oxidative injury than vitamin C or vitamin E (micro­
moles/kg) (for a review of the evidence, see: Tan et al. 
[43]; 

~ melatonin was also found in vitro to scavenge peroxyl radi­
cals more effectively than vitamin E, vitamin C or reduced 
glutathione [58], although melatonin is not a very strong 
scavenger of peroxyl radicals [ 49]. 

Animal studies of melatonin and mammary tumor pre­
vention. Several studies have found that melatonin inhibits 
the incidence of mammary tumors in laboratory animals 
either prone to such tumors or exposed to a carcinogen 
(e.g., [50-63]). Tan et al. [64,65] found that melatonin 
at both physiological and pharmacological levels protected 
Sprague-Dawley rats from safrole induced liver DNA adduct 
formation. Melatonin and retinoic acid appear to act syner­
gistically in the chemoprevention of animal model tumors 
[66] and in vitro systems [67]. 

Melatonin prevents oxidative DNA damage by estradiol 
and radiation. Karbownik et al. [68] found that melatonin 
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protects against DNA damage in the liver and kidney of male 
hamsters caused by estradiol treatment. Several studies have 
found that laboratory animals are protected by melatonin 
from lethal doses of ionizing radiation (e.g., [69-71]). Vijay­
alaxmi et al. [70] and Karbownik et al. [71] also investigated 
markers of oxidative DNA damage and found significant 
decreases in these markers in the melatonin treated animals. 

Melatonin: Scavenger of •oH and Other ROS. Mela­
tonin is a powerful, endogenously produced scavenger of 
reactive oxygen species (ROS), particularly the hydroxyl rad­
ical (•OH). Other ROS which melatonin scavenges include 
hydrogen peroxide (H202), nitric oxide (NO•), peroxyni­
trite anion (ONOO-), hypochlorous acid (HOCl), and singlet 
oxygen (102) [50,72-75]. •oH is produced at high levels by 
natural aerobic activity. ROS are also produced by various 
biological activities or result from certain environmental and 
lifestyle (e.g., smoking) exposures. •oH is the most reac­
tive and cytotoxic of the ROS [76]. •oH appears not to 
be removed by antioxidative enzymes, but is only detoxi­
fied by certain direct radical scavengers such as melatonin 
[77]. 

4. Discussion and future research 

Other papers in this special issue of Pathophysiology pro­
vide evidence that RF MF exposure and ELF MF exposure 
may have similar biological consequences. 

We primarily limit our discussion of future research to 
studies in humans with experimental medicine components, 
emphasizing the latter. However, we initially discuss limiting 
exposures. 

It should be noted that ELF MF exposure may also be asso­
ciated with other cancers. This may be because of the decrease 
in melatonin production and melatonin's varying antioxi­
dant, anti-inflammation, and immune response enhancement 
properties. 

4.1. Epidemiologic studies 

The incidence rates of Alzheimer's disease and breast can­
cer are increasing. These increases are certainly in part due to 
our living longer, at least for AD, if not better lives. However, 
environmental exposures are likely to play important roles. 
At the same time, ELF and RF MF exposure is becoming 
more and more common in our world. In our three pub­
lished studies of MF and AD, approximately 7.4-12.0% of 
the cases and 3.4-5.3% of the controls had primary occu­
pations associated with medium or high ELF MF exposure 
[6-8]. Many more subjects may have had exposures from 
sources generally not identified in epidemiologic studies, 
because individualized 'on-site' exposure assessment is usu­
ally not feasible. We give two examples coming from 'onsite' 
inspections we have performed: a subject who had developed 
amyotrophic lateral sclerosis (ALS) had spent many years 
with a 75 mG ELF MF exposure due to having his foot on 

a deadbolt lock/unlock foot devise for his office door under 
his desk; a subject who had developed AD who spent over 
25 years sitting at his home desk for at least 4 h per day in 
a chair backed up to a wall with a fuse box directly on the 
other side of the wall which produced a very high ELF MF 
exposure to his back and head. (Note that there is also sig­
nificant epidemiologic evidence that ELF MF exposure is a 
risk factor for ALS.) The frequencies of such exposures in 
studies are unknown. 

As is often the case, more research is required. However, 
the designs of this future research should be informed and 
directed by the results of previous research. Future epidemio­
logic studies should use subjects for whom it is unequivocally 
known that the ELF MF and/or RF MF exposure is high and 
matched subjects for whom such exposure is known to be 
low. Matching criteria should include age, gender, and resi­
dential environment so as to at least partially exclude other 
exposures. 

There should be additional studies related to the levels of 
production of peripheral amyloid beta, particularly Al31-42, 
and melatonin, on the one hand, and both MF exposure 
and the risk of AD, on the other hand. Such studies need 
to be able to investigate the possible associations between 
peripheral amyloid beta and melatonin levels and both ear­
lier/concurrent MF exposure and subsequent development of 
AD. Similar studies need to be carried out for breast can­
cer, excluding the amyloid beta component. This effort will 
likely require both retrospective and longitudinal studies. 
There are only two known longitudinal studies [3,4] which 
collected urine samples at baseline so that overnight pre­
morbid melatonin production was reliably estimated. These 
studies found an association between low melatonin pro­
duction and breast cancer. These studies may also be able 
to provide important additional information if it is possi­
ble to determine MF exposures with reasonable accuracy 
and follow-up AD status on a sufficient number of partici­
pants. 

Case-control studies of melatonin as a risk factor for AD 
and breast cancer are hampered by the fact that biological 
sequelae of both AD and breast cancer result in a decline of 
melatonin production to an unknown extent. (In breast can­
cer patients, there is a melatonin production rebound when 
tumors are surgically removed. In AD patients, the produc­
tion of serotonin, the precursor of melatonin, is decreased 
and noradrenergic regulation becomes dysfunctional [78].) 
However, melatonin production is partially under genetic 
control. We have conducted a study of relatively healthy 
members of nuclear families and melatonin production (DOD 
Congressionally Directed Medical Research Program Grant: 
DAMD17-00-1-0692). The production of melatonin of the 
mother was successfully modelled as a function of the mela­
tonin of a daughter, after adjusting for both the daughter's 
age and the influence of the father. This work allows for the 
design of case-control studies of the influence of long-term 
MF exposure on both melatonin production and the risks of 
breast cancer and AD. 
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4.2. ELF and/or RF MF exposure mitigation 

It is also vital to mitigate both the extent of MF exposure 
and the effects of such exposure. Mitigation means efforts to 
both locate and shield or move the sources of MF away from 
individuals and design equipment which produces lower lev­
els of MF. Little effort has apparently been spent on design 
issues. There are simple things that can be done. For exam­
ple, almost all AC/DC transformers emit about 75 mG ELF 
MF fields. The exception, in our experience, has been a 
few transformers for Apple laptops measured about 10 years 
ago. AC/DC transformers are now everywhere, specifically 
under and around office desks and in nearly every room in a 
residence, often near the heads of beds. Maximizing one's dis­
tance from a transformer is important, because the strength of 
the MF field drops off with the square or cube of the distance 
from the source. 

Seamstress is a very common profession and being a seam­
stress is clearly a risk factor for AD and quite possibly for 
breast cancer also. Seamstresses experience higher ELF MF 
exposure than members of almost any other profession. Older 
industrial sewing machines are extremely common all over 
the world. They produce extremely strong MFs, but it is pos­
sible to design "covers" for the motor to interfere with these 
fields, much as "headphones" can mitigate sound waves. 
Newer computer driven home sewing machines produce MF 
because of the AC/DC transformer. These transformers are 
placed in the arm of the machine, which results in high MF 
exposure to the operator. Simply by connecting the trans­
former to the machine by an electrical cord about three or 
more feet from the operator would mitigate a significant 
percentage of the MF exposure. 

4.3. Biological mechanisms/experimental medicine 
research 

We argue that, to the extent possible, research should now 
be conducted in humans. We list the following research ques­
tions as important examples of studying the biological effects 
of ELF and/or RF MF exposure: 

1. Generation of peripheral amyloid beta 
a. Determination of intracellular Ca2+ ion concentration 

changes as a consequence of ELF or RF MF exposure. 
b. Measurement of the amount of Af3t-42 and Af3t-40 

produced by and secreted from cells. 
i. This could be done at least by measuring blood lev­

els of amyloid before and after ELF and/or RF MF 
exposure. 

ii. Perhaps there are more sophisticated experimental 
designs. 

c. Determination of which cell types in fact produce more 
amyloid beta after or during ELF and/or RF MF expo­
sure. 

d. Determination of the dose response relationship(s) 
between ELF and/or RF MF exposure and cellular 
amyloid beta production. 

e. Measurement of the accumulation of amyloid beta in 
the brain, perhaps using PET scans [79,80]. 

2. Decrease in melatonin production 
Note: it is known that the pineal gland, the primary 

source of melatonin, has a tendency to become calcified 
and, perhaps, this is the reason why generally there is a 
reduction of melatonin production during aging. 
a. Determination of the extent of intracellular calcium 

within the pineal gland as a result of acute ELF and/or 
RF MF exposure. 

b. Determination of the extent of calcification of the 
pineal gland as a result of varying levels of long-term 
ELF and/or RF MF exposure. 
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Abstract 

This paper reviews the literature data on the effects of electromagnetic fields (EMF), in the reproductive organs as well as in prenatal 
and postnatal development of vertebrate animals. Review articles which have been published till 2001, regarding the reproductive and 
developmental effects of the entire range of frequency of electromagnetic fields, were surveyed. Experimental studies which were published 
from 2001 onwards were summarized. Special focus on the effects of radiofrequencies related to mobile communication in the above mentioned 
topics has been made. According to the majority of the investigations, no strong effects resulted regarding the exposure to EMF of mobile 
telephony in the animal reproduction and development. However further research should be done in order to clarify many unknown aspects 
of the impact of EMF in the living organisms. 
© 2009 Elsevier Ireland Ltd. All rights reserved. 
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1. Introduction 

During the 20th century, the exposure to electromag­
netic fields (EMF) became an important source of concern 
about the possible effects in the living organisms. The 
artificial sources of electromagnetic radiation have risen 
tremendously because of the ongoing needs on electric­
ity, telecommunications, and electronic devices. In this 
context, World Health Organisation (WHO) established in 
1996 the International EMF project in order to assess 
health and environmental effects of exposure to EMF in 
the frequency range from 0 to 300 GHz. For the pur­
pose of this paper this range will be divided into static 
(0 Hz), extremely low frequency (ELF> 0-300 kHz), inter­
mediate frequencies (IF> 300-10 MHz) and radiofrequency 
(RF lOMHz-300GHz) fields [J. Juutilainen, Developmen­
tal effects of electromagnetic fields, Bioelectromagnetics 7 
(2005) S107-Sll5]. The mobile phone technology is based 
on radio frequency radiation with transmission of microwaves 
carrying frequencies between 880 and 1800MHz [P.A. Val­
berg, T.E. van Deventer, M.H. Repacholi, Workgroup report: 
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base stations and wireless networks-radiofrequency (RF) 
exposures and health consequences, Environ. Health Per­
spect. 115 (2007) 416--424]. 

The mobile telephony revolution took place in the last 
decade. There is an increasing number of cell phone users all 
over the world. Also, new technologies which use the spec­
trum of high frequency emissions are incorporated in many 
aspects of telecommunications. As a consequence, there is a 
lot of interest about the possible effects of the radiation emit­
ted from the machines which are engaged in the telephony 
such as hand phones, base stations and transmitters. 

The biological effects of EMF have been and are being 
investigated on different levels of organization. On the level 
of human populations, epidemiological studies are used 
whereas, on the level of individuals human, animal and plant 
in vivo experiments are carried out. Furthermore, on the 
level of organs, tissues and cells in vitro investigations are 
employed. Finally, on the sub-cellular level, biochemical and 
molecular techniques are utilized. 

From another point of view, many studies have been car­
ried out or are in progress about the various effects of radiation 
emissions regarding the behaviour, cancer, central nervous 
system, sleep, children, cardiovascular system, immune func­
tion, reproduction and development [3]. 
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The present paper will focus on the existing data about 
the reproductive and developmental effects of EMF in verte­
brates. Reproduction is a critical function of the organisms 
and involves two body systems the male and female genital 
system. The development comprises a series of events which 
begins with fertilization, continues with implantation, embry­
onic growth and terms with sexual maturity. In the context of 
systematic zoology, the vertebrates are close to the humans. 
Therefore, the animal studies could provide useful informa­
tion on the comprehension of interaction of EMF with the 
living organism and on the possible commonality with the 
humans. 

The biological effects of EMF of interest can be broadly 
grouped into thermal and non-thermal [4]. The thermal 
effects are associated with local heat production just like the 
mechanism of a microwave oven. The non-thermal mecha­
nism is triggered by an amount of energy absorption, which 
is not directly associated with temperature change but rather 
to some other changes produced in the tissues. 

The goal of this paper is to present the up to date available 
data about the EMF and their potential effects on reproduction 
and development, filling the gap of information from the most 
recent published reviews. All the bibliographic data which 
will be presented were collected exclusively from scientific 
journals published in English and partially in other languages. 
The survey includes studies which were published from 2001 
onward. The studies which relate to the impact of mobile 
phone electromagnetic fields will be presented thoroughly 
and independently from the date of their publication. 

2. Historical background 

The first paper which I found in the medical litera­
ture, regarding the effects of EMF on the development 
of vertebrates, was published in 1893 in an anatomi­
cal journal from Windle [5]. The author summarized the 
observations of three scientists and added his own about 
the effects of electricity on the chicken embryos. Two 
years later the same author [6], published an account 
on the effects of electricity and magnetism on develop­
ment. 

In 1980 two papers were published about the biological 
effects of microwave radiation. Cook et al. [7] published a 
comprehensive survey regarding the very early research on 
the biological effects of electromagnetic fields. The early 
work on short waves from 1885 to 1940 was presented. Fol­
lowing, the authors summarized the available data from 1940 
to 1960. Leach [8] provided an account on the genetic, growth 
and reproductive effects of microwave radiation including 
early studies in this field that were published from 1959 to 
1979. The majority of revised papers dealt with animals. 
Later, Algers and Hennichs [9] summarized the biological 
effects on vertebrates, of electromagnetic fields where the 
frequency did not exceed 100Hz. The authors included many 
studies about the impact of EMF on farm animals. The same 

year, a specialized review was published on the effects of 
non-ionizing radiation on birds [10]. 

Berman et al. [11], presented the results of a large multina­
tional experimental effort (Henhouse project) regarding the 
low frequency EMF effects on chick embryos. Juutilainen 
[12], Chernoff et al. [13], Brent et al. [14] presented detailed 
reviews of the literature about the effects on reproduction 
related to low frequency EMF. 

Jensh [15] reviewed behavioral teratologic studies using 
microwave radiation with special interest to continuous wave 
(CW) 915, 2450, or 6000MHz radiation. 

Verschaeve and Maes [16] reviewed the genetic, carcino­
genic and teratogenic effects of RF (300 MHz-300 GHz). 
Regarding the effects on reproduction and teratogenesis, 
studies from 1961 to 1991 were surveyed. The majority of 
these experimental studies dealt with the exposure of ani­
mals at 2.45 GHz. The same year, Huuskonen et al. [17] 
reported on the teratogenic and reproductive effects of low 
frequency (0-100 kHz) magnetic fields associated with the 
use or transmission of electric power or emitted from video 
display terminals. The animal studies that were surveyed, 
have been published from 1987 to 1997 regarding the effects 
of alternating magnetic fields on prenatal development of 
rats and mice. In the same paper, studies on the effects of 
prenatal exposure of alternating magnetic fields on postnatal 
development were included. Brent [18] provided a thorough 
review of in vivo and in vitro studies on the reproductive 
and teratologic effects of low frequency EMF. The survey of 
reproductive effects has involved studies with chick embryos, 
chickens, cows, mice, and rats from 1969 to 1996. O'Connor 
[ 19] recorded the intrauterine effects in animals exposed to 
radiofrequency and microwave fields with a special feature. 
The SAR of the surveyed studies was above the limit of 
0.4 W/kg. 

Experimental studies on the teratologic effects or develop­
mental abnormalities from exposure to RF electromagnetic 
fields in the range 3 kHz-300 GHz were reviewed from Heyn­
ick and Merritt [20]. The review included investigations 
with insects, birds (chicken, quails, turkeys) and mammalian 
species (mice, rats) as well as non-human primates which 
appeared from 1974 to 2000. A brief critical review on the 
developmental effects of extremely low frequency (ELF) 
electric and magnetic fields provided by Juutilainen [21]. 
Loscher [22] published a survey of the effects of radiofre­
quency electromagnetic fields on production, health and 
behaviour of farm animals. 

Juutilainen [1] reported on the effects of EMF on animal 
development. In his review, he surveyed specific topics such 
as the Henhouse project, the interaction of LF-IMF EMF 
with known teratogens, and the behavioral teratology of RF. 
Saunders and McCaig [23] summarized the possible effects 
on prenatal development of physiologically weak electric 
fields induced in the body by exposure to extremely low fre­
quency electromagnetic fields and of elevated temperature 
levels that might result from exposure to radiofrequency (RF) 
radiation. 



Table 1 
Overview of investigations on EMF effects on animal genital system. 

Animal species Exposure Exposure Exposure Endpoint Results Comments Reference 
frequency parameters duration 

Mouse Swiss 50Hz 25mT Continuous Effects on reproductive No effect on the [27] 
90 days ability fertility of male and 

female mice. The 
ovarian weight was 
significantly increased 

Mouse COl (BALB/c X 60Hz 2mT Continuous Sperm morphology No statistically Two groups were [28] 
DBA/2) for72h or differences were treated with mitomycin 

8h/day for observed C. Sperm 
10 days abnormalities were 

found in the group 
exposed versus the 
group treated with 
mitomycin C alone ;,. 

Mouse BALB/c 60Hz 0.1 or0.5mT 24h/day for Germ cell apoptosis in No significant changes [29] ~ 

8 weeks the testes in testicular weights. ~ 
" Decrease of normal ~ 

seminiferous tubules. ' 
Increase of the germ ~ .... 
cell death ~ 

Rat Sprague-Dawley 60Hz 5, 83.3, Continuous Spermatotoxicity and No detectable [30] ~ 
"' 500mT 21 hlday reproductive alterations in offspring :s· 

from day 6 dysfunction inthe Fl spermatogenesis and ~ 
"' of gestation offspring fertility a 

to day 21 of -;::, 
lactation § 

Rat Sprague-Dawley 50Hz 25±1~-LT Continuous Effects on sperm No effect on the weight [31] 
for 18 weeks count, weights of of testes. Significant ~ 

testes, seminal reduction of the weight a vesicles, preputial of seminal vesicles and 
glands preputial glands. 

Significant reduction 
in sperm count 

Rat Sprague-Dawley 50Hz 1.35 ± 0.018 mT 2hlday, Sperm count, No significant Funding not mentioned [32] 
7days/week morphological changes alterations were 
for2 months of testes observed 

Rat Wistar albino<;>o" 50Hz lmT (mean 3h/day for Morphological Ultrastructural Ambiguous [33] 
value) 50 or 100 evaluation of uterus alterations in germinal observations in the 

days and ovaries epithelium of ovaries uterus 
in the experimental 
group (50 days) as 
well as in tunica 
albuginea (100 days) 

Rat Sprague-Dawleyo"<jl 20kHz 6.25mT 8h/day, 5 Histopathological No differences were [34] 
days/week examination of various seen in testis and ovary 
for 90 days organs ..., 
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A special topic, the effects of EMF from power lines 
on avian reproductive biology, was reviewed by Fernie and 
Reynolds [24]. Krewski et al. [25], reviewed studies refer­
ring to various disciplines regarding the effects of RF. The 
included literature was published between 2001 and 2003. A 
novelty of this paper, was a discussion ofthe reports of various 
authorities and committees about the potential health risks 
associated with exposure to RF fields. A gap in the literature 
regarding the biological effects of EMF in the intermediate 
frequency range was covered by the review of Shigemitsu et 
al. [26]. 

During the last decade, many reports from authorities 
(local, national and international) and expert panels have been 
uploaded on the web [2]. 

It is suggested that the reader refer to the above-mentioned 
review articles and electronic addresses, in order to assemble 
a more complete and detailed view of the biological effects 
of EMF. 

3. Male genital system 

The testes are very important organs situated externally 
to the body and enclosed by the scrotum. The testicular 
parenchyma is the site of an intense proliferation and dif­
ferentiation of the germinal cells that will become the sperm 
cells. The testes are very sensitive to temperature variations 
and for this reason the scrotum, which contains the testicular 
parenchyma, has a specialized contractile structure. 

Studies that have evaluated EMF effects (mainly LF) on 
the genital systems of the vertebrates are summarized in 
Table 1. 

Regarding mobile telephony, the first study conducted by 
Dasdag et al. [39] investigated whether there are adverse 
effects due to microwave exposure emitted by cellular phones 
in male Wistar albino rats. The animals (n = 18) were divided 
in three groups (control, standby exposed group, speech 
exposed group). Specific energy absorption rate (SAR) was 
0.141 W/kg. Rats in the experimental groups were exposed 
for 2 h/day for 1 month in standby position, whereas phones 
were turned to the speech position three times for 1 min. The 
decrease of epididymal sperm counts in the speech groups 
was not found to be significant. Differences in terms of 
normal and abnormal sperm forms were not observed. His­
tological changes were especially observed in the testes of 
rats in the speech group. Seminiferous tubular diameter of 
rat testes in the standby and speech groups was found to be 
lower than the sham group. Rectal temperatures of rats in 
the speech group were found to be higher than the sham and 
standby groups. The rectal temperatures of rats before and 
after exposure were also found to be significantly higher in 
the speech group. 

The same group of authors [40], failed to reproduce the 
results of their previous work. Sixteen Sprague-Dawley rats 
were separated into two groups (control, experimental). They 
were exposed to 890-915MHz pulsed wave (PW) daily for 
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20 min/day for 1 month. For 250m W average radiated power, 
SAR was 0.52 W /kg. No differences were observed in the 
percentages of epididymal normal and abnormal sperms, the 
epididymal sperm count, as well as in the seminiferous tubule 
diameter between control and experimental groups. Also, the 
testicular biopsy score as evaluated by Johnson's scale did not 
differ significantly. 

Aitken et al. [ 41] assessed the testis of mice irradiated with 
900 MHz in a waveguide, with an exposure condition SAR 
90mW/kg for7 days at 12hlday. The authors did not observe 
abnormalities regarding the sperm number, morphology and 
vitality. However, they reported significant damage to the 
mitochondrial genome as well as to the nuclear-globin locus. 

Results similar to a previous study [39] regarding the 
diameter of the seminiferous tubules of rat testes were 
obtained by Ozguner et al. [42]. During the experiment, 
20 male Sprague-Dawley rats (5 months of age) were 
either exposed to 900 MHz CW (average power density 
1 ± 0.4 mW/cm2) or not (control group). Rats exposed 
30 min/day, for 5 days/week for 4 weeks. The authors also 
did not observe significantly different values of weight of 
testes, testicular biopsy score count and the percentage of 
interstitial tissue. However, the mean height of the germinal 
epithelium was found decreased in the group of rats that had 
been irradiated. 

Forgacs et al. [43] repeatedly exposed male NMRl 
mice to 1800 MHz GSM like microwave radiation at 
0.018-0.023 W/kg whole body SAR. 11-12 sham exposed 
and 11-12 exposed mice were used. The animals were 
exposed ten times (over 2 weeks) and the duration of 
exposure was 2 hi day. No microwave exposure-related mor­
phological alterations were found in testis, epididymis and 
prostate. 

Adult male rats were examined after exposure at sub­
crhronic exposure to RF emitted from a conventional cell 
phone on their testicular function. Sixteen Wistar rats were 
used at age 30 days. The animals were exposed for 1 h daily 
during 11 weeks. The experimental group (n = 8) was exposed 
to 1835-1850 MHz at 0.04-1.4 m W /cm2. Total body weight 
and absolute and relative testicular and epididymal weights 
did not change significantly. Epididymal sperm count was 
not significantly different between the groups. Regarding 
the histomorphological endpoints of the study, no differ­
ence was found between the experimental and control arm 
[44]. 

The effect of cellular phone emissions on sperm char­
acteristics in 16 Sprague-Dawley rats were studied [ 45]. 
The laboratory animals were divided in two groups (exper­
imental, control) and exposed to four cell phones which 
had a personal communications service code division mul­
tiple access frequency band of 1.9 GHz (800 MHz digital 
and 800 MHz analog). The rats received daily (3 h-30 min 
rest-3 h) cell phone exposure for 18 weeks. The SAR ranged 
from 0.9 to 1.80W/kg whereas the power from 0.00001 to 
0.607 W, according to the specific mode of function. The 
authors analyzed the morphology of the sperm cells from 

epididymis of rats. The percentage of deformities for the 
experimental group was 34.3% and the percentage of defor­
mities for the control group was 32.1 %. This difference in 
the occurrence of deformities between the two groups was 
not statistically significant (p > .05) through a paired t test. 
The total sperm counts from the testes were not significantly 
different between the two groups. None of the temperature 
differences between the two groups were statistically signif­
icant. 

Sixteen Sprague-Dawley rats were used to evaluate 
the bcl-2 protein (an anti-apoptotic protein) in rat testes. 
The experimental group (n = 8) was exposed to com­
mercial (GSM) cellular phones irradiation for 20 min/day 
for 1 month. Average power density was measured at 
0.047mW/cm2 and SAR levels changed between 0.29 
and 0.87W/kg. The testes were investigated by means 
of immunohistochemistry. No difference was observed 
between testes sections of the sham and experimental 
groups in terms of bcl-2 staining. These results indicate 
that the radiation emitted from 900 MHz cellular phones 
did not alter the anti-apoptotic protein in the testes of rats 
[46]. 

In order to investigate the apoptosis-inducing effect 
of mobile phone exposure on spermatogonia in seminif­
erous tubules, 31 Wistar albino male rats were divided 
in three groups such as cage control (n= 10), sham 
exposed (n=7), and experimental (n= 14). The 2h/day (7 
days/week) exposure of 900 MHz radiation (power den­
sity 0.012-0.149 mW/cm2 and SAR 0.07-0.57 W/kg) over a 
period of 10 months was evaluated by means of immunohis­
tochemistry. The long-term radiation did not affect the active 
cas pace-3 levels in testes of rats. Cas pace-3 is a typical feature 
of apoptosis [47]. 

4. Female genital system 

Studies on the impact of RF in the female genital system 
are scarce. Two studies were conducted in order to evaluate 
the effects on endometrial apoptosis and the ameliorating 
effects of a combination of vitamin E and C against EMF 
damage. 

Oral et al. [48], exposed sexually mature female rats (16 
weeks old) to 900 MHz radiation, 30 min/day for 30 days. 
Twenty-four Wistar albino rats were divided in three groups 
(sham exposed, EMF exposed, EMF exposed treated with 
vitamin C and E). The animals were exposed at 1.04 m W /cm2 

(SAR 0.016-4 W/kg). The effect of microwaves was exam­
ined in rat endometrium by means of immunohistochemistry. 
Endometrial apoptosis was observed. Guney et al. [49], 
repeated the experiment with the addition of another group 
(control). Histological changes in endometrium, diffuse and 
severe apoptosis in the endometrial surface, epithelial and 
glandular cells were reported regarding the group exposed to 
EMF. Also, eosinophilic leucocyte and lymphocyte infiltra­
tion were seen in the endometrial stroma. 



Table 2 
0\ 

Overview of investigations on EMF effects on animal development. 

Animal species Exposure Exposure Exposure duration Endpoint Results Comments Reference 
frequency parameters 

Rat Sprague-Dawley 50Hz 7, 70, 350mT 22 h/day during Effects on No differences regarding embryonic [50] 
0--7 or 8-15 day teratogenicity and deaths, fetal weight and 
of gestation embryonic teratogenicity 

development 
MouseiCR 50Hz Sham 9 weekso" 2 Effects on No differences regarding embryonic [51] 

(0.1-liLT), weeks\;' prior to teratogenicity and deaths, fetal weight and 
0.5, 5mT mating embryonic teratogenicity 

development 
Mouse Swiss Webster OHz-25MHz 1 week beginning Morphological Pathological changes were observed [52] 

from the 18th day changes in brain, in the neonates 
of pregnancy thymus, adrenal gland 

during embryonic 
development ).. 

Rat Sprague-Dawley 60Hz 0 (sham 22 h/day during Developmental No differences regarding embryonic [53] 
:., 
d' group), 5, 6-20 day of toxicity deaths, fetal weight and " 83.3, 500 mT. gestation teratogenicity ~ 

Chicken 50Hz 1.33-7.32 mT 24h Effects on Significant difference in the Funding not [54] ...... 
? teratogenicity and percentage of abnormal embryos mentioned s. 

embryonic versus control was found in 4.19, .g 
development 5.32, 5.86, and 6.65 densities. Some ~ 

"' 
embryos with extra ribs, defects in <;;· 

~ ribs and vertebrae, anuria and "' abnormal beaks were observed a 
MouseiCR 20kHz 6.5mT 8 h/day from 2.5 Effects on No statistically significant [55] t::> 

to 15.5 days teratogenicity and differences in the number of § 
post-coitum embryonic implantation, embryonic death, 

9 development resorption, growth retarded fetuses, 
external and skeletal abnormalities a 

Chicken Leghorn HR7 50Hz l~J.T, 500 ~J.T, Continuous for 15 Effects on At 15 days of incubation body weight Funding not [56] 
lmT or 21 days embryo/fetus was significantly lower versus mentioned 

controls. At 21 days of incubation the 
body weight and cranial diameters 
were smaller versus control. No 
differences in brain weight were 
observed in all groups 

Mouse\;' Static magnetic 400mT 6 min/day from Teratogenic effects Polydactylism, abdominal fissure, [57] 
field 7.5 to 14.5 day of fused ribs, vestigial 13th rib, brain 

pregnancy hernia, curled tail 
Mouse\;' 50Hz 1.2mT 8 h/day during Body weight of darns, Fetal loss, malformed fetuses, Article in [58] 

pregnancy development of retardation of growth of the offspring chinese 
offspring in the first 2 weeks after birth 

Chicken White 50Hz 1.33-7.32 mT 4 days Morphological Abnormal brain cavities, spina bifida, [59] 
Leghorn eggs evaluation of monophthalmia, ocular defects and 

embryos/fetuses growth retardation 



A. F. Pour/is I Pathophysiology xxx (2009) xxx-xxx 7 

5. Developmental effects 

The critical phases in the dynamic process of development 
take place mainly in utero (mammals) or in avo (birds) i.e. 
during the embryonic period. The main bulk of investigations 
were performed regarding the possible effects on animals 
after irradiation, during in utero or in avo development. The 
effects on development are determined by endpoints such 
as weight gain, congenital malformations, resorptions, and 
number of litters. These endpoints will be considered for var­
ious exposure conditions. The effects of EMF (mainly LF) on 
animal development are summarized in Table 2. Egg pro­
duction was reduced (8%) when young laying hens have 
been continuously exposed to CW 915 MHz with an incident 
power of 800 m W during the first 2.5 weeks, 0 m W during 
the following week and 200m W for the rest of experiment. 
Hatching of fertile and total eggs was not significantly influ­
enced. No macroscopic malformations were observed in the 
chicks or dead embryos [60]. 

Jensh et al. [61] irradiated pregnant Wistar albino rats 
at a power density level of 10mW/cm2, at a frequency of 
915MHz and average SAR 3.57W/kg. The animals were 
exposed for 6 h/day from day 1 to day 21 of gestation. No 
significant teratogenic signs were observed regarding the 
resorption rate, malformation rate, mean litter size, fetal 
weight and number of live and dead fetuses. The experiment 
was repeated and extended in order to analyze the embryonic 
and postnatal development of offspring [62]. Eleven pregnant 
rats were irradiated and 19 rats were used as control animals. 
All animals delivered and raised their offspring (Fta) until 
weaning at 30 days of age. Ten days later females were rebred 
and teratologic evaluation was conducted on the resultant F 1 b 

fetuses. At 90 days of age, reproductive capability was eval­
uated and a standard teratologic analysis performed on the 
resultant Fz offspring. No significant morphologic changes 
were revealed. 

Pregnant rats were exposed at 970 MHz for 22 hi day from 
the 1st to 19th day of pregnancy [63]. The SAR values varied 
from 0.07, 2.4 and 4.8 W /kg. The embryo mortality, fetal 
weight, skeletal ossification, as well as maternal fertility were 
evaluated. The exposure with SAR 4.8 W /kg caused reduced 
(-12%) fetal body weight versus the control. All the other 
examined parameters were not significantly different. 

Klug et al. [64] exposed rat embryos (9.5 days old) for 
up to 36 h to 900 MHz. The modulation frequency was fixed 
at 215Hz and the SAR values were calculated at 0.2, 1 and 
5 W/kg. The endpoints of the experiment were crown-rump 
length, number of somites as well as embryonic malforma­
tions. No significant changes were observed on the growth 
and differentiation parameters of the embryos. Magras and 
Xenos [65] investigated the possible effects of radiofrequency 
radiation on prenatal development in mice. The study con­
sisted of in vivo experiments at several places around an 
"antenna park" where the frequency emissions ranged from 
88.5 to 950 MHz. At these locations RF power densities 
between 168 and 1053 n W /cm2 were measured. Twelve pairs 

of mice, divided in two groups, were placed in locations 
of different power densities and were repeatedly mated five 
times. One hundred eighteen newborns were collected. They 
were measured, weighed, and examined macro- and micro­
scopically. A progressive decrease in the number of newborns 
per dam was observed, which ended in irreversible infer­
tility. The prenatal development of the newborns, however, 
evaluated by the crown-rump length, the body weight, and 
the number of the lumbar, sacral, and coccygeal vertebrae, 
was improved. Wistar albino rats [15] were exposed through 
pregnancy for 6 h each day to CW 915 MHz radiation at a 
power density level of 10m W /cm2. Teratologic evaluation 
included the following parameters: mean litter size, mater­
nal organ weight and organ weight/body weight ratios, body 
weight ratios of various organs (brain, liver, kidneys, and 
ovaries), number of resorptions and resorption rate, num­
ber of abnormalities and abnormality rate, mean term fetal 
weight. Mothers were rebred, and the second, unexposed lit­
ters were evaluated for teratogenic effects. Animals exposed 
to 915MHz did not exhibit any consistent significant alter­
ations in any of the above parameters. 

Wistar rats were continuously exposed [66] during preg­
nancy to a low-level (0.1 mW/cm2) 900MHz, 217Hz pulse 
modulated EMF. Whole body average SAR values for the 
freely roaming, pregnant animals were measured in mod­
els; they ranged between 17.5 and 75 mW/kg. No differences 
between exposed and sham exposed dams or offspring were 
recorded in terms of litter size, evolution of body mass 
and developmental landmarks of litter mates. The effects of 
microwaves emitted by cellular phones on birth weights of 
rats were investigated by Dasdag et al. [ 67]. Thirty-six Wistar 
albino rats were divided into four groups. Each experimental 
or sham exposed group comprised six males or 12 females. 
The rats were exposed at 890-915 MHz (SAR 0.155 W/kg). 
Males were exposed daily for 3 x 1 min during 2 hi day for 1 
month. Females were exposed in the same way until they gave 
birth. When the offspring became adult the experiment was 
repeated on them. No significant differences were observed 
between rectal temperatures in the sham and experimental 
groups. The birth weight of offspring in the experimental 
group was significantly lower than in the sham exposed 
group. However in the next generation of rats all param­
eters investigated were normal. Pregnant Sprague-Dawley 
rats were exposed [68] to ultra wide band (UWB) 0.1-1 GHz 
radiation in order to determine if teratological changes occur 
in rat pups as a result of (1) daily UWB exposures during 
gestation days 3 ± 18, or (2) as a result of both prenatal and 
postnatal (10 days) exposures. Dams were exposed either 
to (I) UWB irradiation with average whole body specific 
absorption rate 45 m W /kg (II) sham irradiation or (III) a pos­
itive control. Offspring were examined regarding litter size, 
sex-ratios, weights, coat appearance, and tooth eruption. The 
pups postnatally exposed were examined for hippocampal 
morphology. Generally, no significant differences were found 
between the exposed and sham group. The medial-to-lateral 
length of the hippocampus was significantly longer in the 
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Table 3 
Summaty of animal studies on effects of EMF (related to mobile telephony), on reproduction and development. 

Animal species Exposure frequency 

Chicken 915MHz 
Rat 915MHz 
Rat 915MHz 
Rat 970MHz 
Rat 915MHz 
Rat 900MHz 
Mouse 88.5-950 MHz 
Rat 890-915MHz 
Rat 900MHz 
Rat O.l-1GHz 
Rat 890-915MHz 
Chicken 900MHz 
Rat 890-915MHz 
Chicken 
Rat 900MHz 
Mouse 900MHz 
White stork 900-1800 MHz phone mast 
Chicken 900MHz 
Mouse 1800MHz 
Rat 900MHz 
Rat 900MHz 
Rat 1835-1850MHz 
Rat 1.9GHz 
Tit 1200-3000 MHz 
Rat 900MHz 
Chicken 900MHz 
Rat 900MHz 
Rat 900MHz 

UWB-exposed pups than in the sham exposed animals but 
could not correlated with neurological dysfunction. The male 
offspring exposed in utero to UWB mated significantly less 
frequently than sham exposed males, but when they did mate 
there was no difference in fertilization and offspring numbers 
from the sham group. 

Bas tide et al. [ 69] reported chicken embryo mortality from 
day 7 to day 11 of incubation. This mortality reached 64% 
compared to 11% in controls. The maximum level of embry­
onic mortality was observed in the eggs placed near the 
telephone. 

Chicken embryos were exposed to EMF from GSM 
mobile phone during the embryonic development [70]. The 
embryo mortality rate in the incubation period increased to 
75% versus 16% in control group. 

lngole and Ghosh [71] studied by means of light 
microscopy the developmental effects on the avian kidney 
of radiation, from a cell phone handset (900 MHz frequency, 
power of 2 Wand SAR of 0.37 W/kg). The authors reported 
morphological alterations on the epithelium of the renal 
tubules as well as of the renal corpuscles in E6, E8 and ElO 
chicken embryos. 

The possible impact of cell phone radiation in the develop­
ing central nervous system of male Wistar rats was examined 
[72]. The animals were exposed to 900 MHz signal for 2 hi day 
on 5 days/week. After 5 weeks of exposure at whole body 
average SAR of 0.3 or 3 W/kg or sham exposure no degen­
erative morphological changes were found. 

Endpoint Effect Reference 

Development No [60] 
Development No [61] 
Development No [62] 
Development No [63] 
Development No [15] 
Development No [64] 
Fertility/development Yes/no [65] 
Testes Yes [39] 
Development No [66] 
Development No [68] 
Development Yes [67] 
Development Yes [69] 
Testes No [40] 
Development Yes [70] 
Testes No [42] 
Testes No [41] 
Reproduction Yes [74] 
Kidney development Yes [71] 
Testes No [43] 
Endometrium Yes [48] 
Brain development No [72] 
Testes No [44] 
Sperm No [45] 
Reproduction No [75] 
Endometrium Yes [49] 
Development Yes [73] 
Testes No [46] 
Testes No [47] 

The results about the effects of exposing fertilized chicken 
eggs to a mobile phone over the entire period of incuba­
tion were published recently [73]. In this study, a series 
of 4 incubations were employed. During each incubation, 4 
groups were used (control I, control II, experimental, sham). 
In the experimental group, the cell phone in call position 
was placed near (~25 em) the eggs, whereas in the sham 
group the cell phone in off position was placed 1.5 m away 
from the exposed group. A significantly higher percentage 
of embryo mortality was observed in the experimental com­
pared to the sham group in 2 of the 4 incubations. The lethal 
effects of embryo development in the experimental group 
were mainly observed between the 9th and 12th day of incu­
bation. 

Another issue that in recent years has attracted the atten­
tion of scientists is the effects of radiation from RF antennas 
on the biology of wild birds. 

Balmori [74] investigated the possible effects of EMF 
from phone masts on a population of White stork ( Ciconia 
ciconia). The total productivity in the nests located within 
200m of antennas was 0.86 ± 0.16 versus 1.6 ± 0.14 for those 
located further than 300 m. Another interesting observation, 
was that, 40% of the nests within 200 m of the antennae never 
had any chicks, while only 3.3% located further than 300m 
never had chicks. 

The influence of a military radar station [75] emitting 
pulsed modulated microwave radiation of 1200-3000 MHz 
was examined in tits (Parus sp). Experimental nest-boxes 
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were either exposed to a mean level of 3.41 ± 1.38 or 
1.12 ± 0.84 W/m2. For control nest-boxes the exposure 
ranged from 0.001 to 0.01 W/m2• No statistically significant 
differences in the number of eggs or in the number of nestlings 
were observed between the two series (exposed, control) of 
tits. 

6. Conclusions 

The EMF were, are and will be a part of our life. The 
progress of science will provide the world with new EMF 
emitting technologies and subsequently with new problems. 
The monitoring of literature on this scientific field shows a 
shift of research which follows exactly the new technologies. 
The era of mobile telephony is beginning. 

The evaluation of the possible effects of EMF on the liv­
ing organism is a complex process that needs the combined 
contributions of many scientific disciplines. Due to the need 
for expertise in many different sciences, together with the 
technical problems of radiation studies, many times the pub­
lished results are considered deficient in certain aspects. This 
is inevitable, and not an indication of poor quality. The inabil­
ity to observe a biological effect in a particular study does not 
necessarily mean that such effect or/and adverse health effect 
is not present. 

The vertebrate animal studies summarized in the present 
paper do not suggest strong effects of LF EMF on the male 
genital system. However, some studies on the development 
of animals, showed sensitivity, mainly observed in chickens. 
There is no convincing evidence from studies of mammals 
(Table 3), that exposure to EMF at levels associated with 
mobile telecommunications could be harmful for embryonic 
or postnatal development or for male fertility. On the other 
hand, the birds appeared to be more sensitive. The effects 
of EMF on the female genital system need further atten­
tion, since two experimental studies cannot lead to definitive 
conclusions. 

The positive findings of the experimental studies with ver­
tebrate animals are mainly attributed to the thermal effects of 
EMF. No valid evidence was found for the occurrence of non­
thermal effects. However the non-thermal mechanisms must 
be the next target of the research. 

The majority of reviewed studies were conducted in lab­
oratories. This fact cannot represent the realistic situation of 
cell phone communication. On the other hand, the in vivo and 
simultaneously in situ studies are very scarce. Only Magras 
and Xenos conducted an in situ experiment which took place 
near an antenna park. That is because this kind of experi­
ment is very difficult to carry out, and interaction with other 
exogenous factors could change the results. 

One particular deficiency in most studies is that they 
describe experiments with acute or short-term exposure of 
animals on EMF. Experiments are needed to perform long­
term exposure in order to demonstrate the chronic impact of 
EMF. 

Another point that must be elucidated is that the major­
ity of experimental animals used were small rodents (mice 
and rats), as well as chicken embryos. Further research is 
needed with the use of bigger animals such as dog and 
sheep. 

The radiations emitted from masts that are situated in many 
rural and sylvatic areas could be possibly pathogenic in the 
wild animals. The wild animal populations could be candidate 
"experimental material" for closer observation of the possible 
effects of EMF on vertebrate models. 

An important and intriguing aspect of the research is the 
possible role of the combination of RF with other pollutants 
such as chemical substances and other forms of radiation, as 
well as the interaction with drugs. 

The potential health effects of EMF should be contin­
ually reassessed as new research results become available. 
EMF exposure guidelines also need to be updated or recon­
sidered as new scientific information on radiation and 
health risks is produced. However, additional studies might 
increase our understanding of the sensitivity of organisms to 
EMF. 
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Abstract 

A review on the impact of radiofrequency radiation from wireless telecommunications on wildlife is presented. Electromagnetic radiation 
is a form of environmental pollution which may hurt wildlife. Phone masts located in their living areas are irradiating continuously some 
species that could suffer long-term effects, like reduction of their natural defenses, deterioration of their health, problems in reproduction and 
reduction of their useful territory through habitat deterioration. Electromagnetic radiation can exert an aversive behavioral response in rats, 
bats and birds such as sparrows. Therefore microwave and radiofrequency pollution constitutes a potential cause for the decline of animal 
populations and deterioration of health of plants living near phone masts. To measure these effects urgent specific studies are necessary. 
© 2009 Published by Elsevier Ireland Ltd. 
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1. Introduction 

Life has evolved under the influence of two omnipresent 
forces: gravity and electromagnetism. It should be expected 
that both play important roles in the functional activities 
of organisms [1]. Before the 1990's radiofrequencies were 
mainly from a few radio and television transmitters, located 
in remote areas and/or very high places. Since the introduc­
tion of wireless telecommunication in the 1990's the rollout 
of phone networks has caused a massive increase in electro­
magnetic pollution in cities and the countryside [2,3]. 

Multiple sources of mobile communication result in 
chronic exposure of a significant part of the wildlife (and 
man) to microwaves at non-thermal levels [4]. In recent 
years, wildlife has been chronically exposed to microwaves 
and RFR (Radiofrequency radiation) signals from various 
sources, including GSM and UMTS/3G wireless phones 
and base stations, WLAN (Wireless Local Area Networks), 
WPAN (Wireless Personal Area Networks such as Blue­
tooth), and DECT (Digital Enhanced (former European) 
Cordless Telecommunications) that are erected indiscrimi­
nately without studies of environmental impact measuring 
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long-term effects. These exposures are characterized by low 
intensities, varieties of signals, and long-term durations. The 
greater portion of this exposure is from mobile telecommu­
nications (geometric mean in Vienna: 73% [5]). In Germany 
the GSM cellular phone tower radiation is the dominating 
high frequency source in residential areas [6]. Also GSM is 
the dominating high frequency source in the wilderness of 
Spain (personal observation). 

Numerous experimental data have provided strong evi­
dence of athermal microwave effects and have also indicated 
several regularities in these effects: dependence of frequency 
within specific frequency windows of "resonance-type"; 
dependence on modulation and polarization; dependence on 
intensity within specific intensity windows, including super­
low power density comparable with intensities from base 
stations/masts [4,7-9]. Some studies have demonstrated dif­
ferent microwave effects depending on wavelength in the 
range of mm, em or m [10,11]. Duration of exposure may 
be as important as power density. Biological effects resulting 
from electromagnetic field radiation might depend on dose, 
which indicates long-term accumulative effects [3,9, 12]. 
Modulated and pulsed radiofrequencies seem to be more 
effective in producing effects [4,9]. Pulsed waves (in blasts), 
as well as certain low frequency modulations exert greater 
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biological activity [11,13-15]. This observation is important 
because cell phone radiation is pulsed microwave radiation 
modulated at low frequencies [8,9]. 

Most of the attention on possible biological effects of elec­
tromagnetic radiation from phone masts has been focused 
on human health [5,16-21]. The effects of electromagnetic 
pollution on wildlife, have scarcely been studied [22-25]. 

The objective of this review is to detail advances in knowl­
edge of radiofrequencies and microwave effects on wildlife. 
Future research may help provide a better understanding of 
electromagnetic field (EMF) effects on wildlife and plants 
and their conservation. 

2. Effects on exposed wildlife 

2.1. Effects on birds 

2.1.1. Effects of phone mast microwaves on white stork 
In monitoring a white stork (Ciconia ciconia) population 

in Valladolid (Spain) in vicinity of Cellular Phone Base Sta­
tions, the total productivity in nests located within 200 m 
of antennae, was 0.86 ± 0.16. For those located further than 
300m, the result was practically doubled, with an average of 
1.6 ± 0.14. Very significant differences among total produc­
tivity were found (U=240; P=0.001, Mann-Whitney test). 
Twelve nests ( 40%) located within 200m of antennae never 
had chicks, while only one (3 .3%) located further than 300m 
had no chicks. The electric field intensity was higher on nests 
within 200m (2.36 ± 0.82 V /m) than nests further than 300m 
(0.53 ± 0.82 V /m). In nesting sites located within 100m of 
one or several cellsite antennae with the main beam of radia­
tion impacting directly (Electric field intensity >2 V /m) many 
young died from unknown causes. Couples frequently fought 
over nest construction sticks and failed to advance the con­
struction of the nests. Some nests were never completed 
and the storks remained passively in front of cellsite anten­
nae. These results indicate the possibility that microwaves 
are interfering with the reproduction of white stork [23]. 
(Fig. 1) 
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Fig. 1. Average number of youngs and electric field intensity (V/m) in 60 
nests of white storks (Ciconia ciconia) (Hallberg, 0 with data of Balmori, 
2005 [23]). 

2.1.2. Effects of phone mast microwaves on house 
sparrows 

A possible effect of long-term exposure to low-intensity 
electromagnetic radiation from mobile phone (GSM) base 
stations on the number of house sparrows during the breed­
ing season was studied in Belgium. The study was carried 
out sampling 150 point locations within six areas to examine 
small-scale geographic variation in the number of house spar­
row males and the strength of electromagnetic radiation from 
base stations. Spatial variation in the number of house spar­
row males was negative and highly significantly related to the 
strength of electric fields from both the 900 and 1800 MHz 
downlink frequency bands and from the sum of these bands 
(Chi-square-tests and AlC-criteria, P < 0.001). This negative 
relationship was highly similar within each of the six study 
areas, despite differences among areas in both the number of 
birds and radiation levels. Fewer house sparrow males were 
seen at locations with relatively high electric field strength 
values of GSM base stations and therefore support the notion 
that long-term exposure to higher levels of radiation nega­
tively affects the abundance or behavior of house sparrows in 
the wild [24]. 

In another study with point transect sampling performed at 
30 points visited 40 times in Valladolid (Spain) between 2002 
and 2006, counting the sparrows and measuring the mean 
electric field strength (radiofrequencies and microwaves: 
1 MHz to 3 GHz range). Significant declines (P=0.0037) 
were observed in mean bird density over time, and signif­
icantly low bird density was observed in areas with high 
electric field strength. The logarithmic regression of the 
mean bird density vs. field strength groups (considering field 
strength in 0.1 V/m increments) was R=-0.87; P=0.0001 
According to this calculation, no sparrows would be expected 
to be found in an area with field strength >4 V /m [25]. (Fig. 2) 

In the United Kingdom a decline of several species of 
urban birds, especially sparrows, has recently happened 
[26]. The sparrow population in England has decreased in 
the last 30 years from 24 million to less than 14. The 
more abrupt decline, with 75% descent has taken place 
from 1994 to 2002. In 2002, the house sparrow was added 
to the Red List of U.K. endangered species [27]. This 
coincides with the rollout of mobile telephony and the 
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Fig. 2. Mean sparrow density as a function of electric field strength grouped 
in 0.1 V/m. (Balmori and Hallberg, 2007 [25]). 
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Fig. 3. Annual number of contacts (Mean) for 14 species studied in "Campo 
Grande" urban park (lack the information of the years 1999-2001 ). 

possible relationship of both circumstances should be inves­
tigated. 

In Brussels, many sparrows have disappeared recently 
[28]; similar declines have been reported in Dublin [29]. Van 
der Poel (cited in Ref. [27]) suggested that sparrows might 
be declining in Dutch urban centres also. 

2.1.3. Effects on the bird community at an urban park 
Microwaves may be affecting bird populations in places 

with high electromagnetic pollution. Since several anten­
nas were installed in proximities of "Campo Grande" urban 
park (Valladolid, Spain) the bird population has decreased 
and a reduction of the species and breeding couples has 
occurred. Between 1997 and 2007, of 14 species, 3 species 
have disappeared, 4 are in decline and 7 stay stable (Balmori, 
unpublished data) (Fig. 3). In this time the air pollution (S02, 
N02, CO and Benzene) has diminished. 

During the research some areas called "silence areas" con­
taminated with high microwave radiation (>2 V/m), where 
previously different couples usually bred and later disap­
peared, have been found. Several anomalies in magpies (Pica 
pica) were detected: plumage deterioration, locomotive prob­
lems (limps and deformations in the paws), partial albinism 
and melanism, especially in flanks [30]. Recently cities have 
increased cases of partial albinism and melanism in birds 
(Passer domesticus, Turdus merula and P. pica) (personal 
observation). 

2.1.4. Possible physiological mechanisms of the effects 
found in birds 

Current scientific evidence indicates that prolonged expo­
sure to EMFs, at levels that can be encountered in the 
environment, may affect immune system function by affect­
ing biological processes [3,31 ,32]. A stressed immune system 
may increase the susceptibility of a bird to infectious diseases, 
bacteria, viruses, and parasites [33]. 

The plumage of the birds exposed to microwaves looked, 
in general, discolorated and lack of shine. This not only 
occurred in ornamental birds; such as peacocks, but also 
in wild birds; such as, tits, great tits, house sparrows, etc 
(personal observation). We must mention that plumage dete­
rioration is the first sign of weakening or illnesses in birds 
since damaged feathers are a sure sign of stress. 

Physiological conditions during exposure minimize 
microwave effects. Radical scavengers/antioxidants might be 
involved in effects of microwaves [ 4]. 

Microwaves used in cellphones produce an athermal 
response in several types of neurons of the birds nervous 
system [34]. Several studies addressed behavior and ter­
atology in young birds exposed to electromagnetic fields 
[23,25,35-37]. Most studies indicate that electromagnetic 
field exposure of birds generally changes, but not always 
consistently in effect or in direction, their behavior, repro­
ductive success, growth and development, physiology and 
endocrinology, and oxidative stress [37]. These results can 
be explained by electromagnetic fields affecting the birds' 
response to the photoperiod as indicated by altered melatonin 
levels [38]. 

Prolonged mobile phone exposure may have negative 
effects on sperm motility characteristics and male fertility 
as has been demonstrated in many studies made in man and 
rats [39-46]. EMF and microwaves can affect reproductive 
success in birds [23,25,35,36,47]. EMF exposure affected 
reproductive success of kestrels (Falco sparverius ), increas­
ing fertility, egg size, embryonic development and fledging 
success but reducing hatching success [35,36]. 

The radiofrequency and microwaves from mobile tele­
phony can cause genotoxic effects [48-55]. Increases 
in cytological abnormalities imply long-term detrimental 
effects since chromosomal damage is a mechanism relevant 
to causation of birth defects and cancer [55]. 

Long-term continuous, or daily repeated EMF exposure 
can induce cellular stress responses at non-thermal power 
levels that lead to an accumulation of DNA errors and to 
inhibition of cell apoptosis and cause increased permeabil­
ity of blood-brain barrier due to stabilization of endothelial 
cell stress fibers. Repeated occurrence of these events over 
a long period of time (years) could become a health haz­
ard due to a possible accumulation of brain tissue damage. 
These findings have important implications with regards to 
potential dangers from prolonged and repeated exposure to 
non-ionizing radiation [56,57]. 

Pulsed magnetic fields can have a significant influence on 
the development and incidence of abnormalities in chicken 
embryos. In five of six laboratories, exposed embryos exhib­
ited more structural anomalies than controls. If the data from 
all six laboratories are pooled, the difference for the incidence 
of abnormalities in exposed embryos and controls is highly 
significant [58]. Malformations in the nervous system and 
heart, and delayed embryo growth are observed. The embryo 
is most sensitive to exposure in the first 24 h of incubation 
[58]. An increase in the mortality [59] and appearance of 
morphological abnormalities, especially of the neural tube 
[13,60,61] has been recorded in chicken embryos exposed to 
pulsed magnetic fields, with different susceptibility among 
individuals probably for genetic reasons. A statistically sig­
nificant high mortality rate of chicken embryos subjected to 
radiation from a cellphone, compared to the control group 
exists [62,63]. In another study eggs exposed to a magnetic 
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field intensity of 0.07 T showed embryonic mortality dur­
ing their incubation was higher. The negative effect of the 
magnetic field was manifested also by a lower weight of 
the hatched chicken [64]. Bioelectric fields have long been 
suspected to play a causal role in embryonic development. 
Alteration of the electrical field may disrupt the chemical 
gradient and signals received by embryo cells. It appears that 
in some manner, cells sense their position in an electrical 
field and respond appropriately. The disruption of this field 
alters their response. Endogenous current patterns are often 
correlated with specific morphogenetic events [65]. 

Available data suggests dependencies of genotype, gender, 
physiological and individual factors on athermal microwave 
effects [4,9]. Genomic differences can influence cellular 
responses to GSM Microwaves. Data analysis has highlighted 
a wide inter-individual variability in response, which was 
replicated in further experiments [4]. It is possible that each 
species and each individual, show different susceptibility to 
radiation, since vulnerability depends on genetic tendency, 
and physiologic and neurological state of the irradiated organ­
ism [15,35-37,61,66-68]. Different susceptibility of each 
species has also been proven in wild birds exposed to elec­
tromagnetic fields from high-voltage power lines [47]. 

2.2. Effects on mammals 

2.2.1. Alarm and aversion behavior 
Rats spent more time in the halves of shuttle boxes 

that were shielded from 1.2 GHz. Microwaves irradiation. 
The average power density was about 0.6mW/cm2. Data 
revealed that rats avoided the pulsed energy, but not the con­
tinuous energy, and less than 0.4mW/cm2 average power 
density was needed to produce aversion [69]. Navakatikian 
& Tomashevskaya [70] described a complex series of exper­
iments in which they observed disruption of rat behavior 
(active avoidance) from radiofrequency radiation. Behav­
ioral disruption was observed at a power density as low as 
0.1 mW/cm2 (0.027Wikg). Mice in an experimental group 
exposed to microwave radiation expressed visible individual 
panic reaction, disorientation and a greater degree of anxi­
ety. In the sham exposed group these deviations of behavior 
were not seen and all animals show collective defense reac­
tion [71]. Microwave radiation at 1.5 GHz pulsing 16 ms. At 
0.3 mW/cm2 power density, in sessions of 30min/day over 
one month produced anxiety and alarm in rabbits [72]. 

Electromagnetic radiation can exert an aversive behav­
ioral response in bats. Bat activity is significantly reduced in 
habitats exposed to an electromagnetic field strength greater 
than 2 V/m [73]. During a study in a free-tailed bat colony 
(Tadarida teniotis) the number of bats decreased when several 
phone masts were placed 80m from the colony [74]. 

2.2.2. Deterioration of health 
Animals exposed to electromagnetic fields can suffer a 

deterioration of health and changes in behavior [75,76]. 

There was proof of frequent death in domestic ani­
mals; such as, hamsters and guinea pigs, living near mobile 
telecommunication base stations (personal observation). 

The mice in an experimental group exposed to microwave 
radiation showed less weight gain compared to control, after 
two months. The amount of food used was similar in both 
groups [71]. A link between electromagnetic field exposure 
and higher levels of oxidative stress appears to be a major con­
tributor to aging, neurodegenerati ve diseases, immune system 
disorders, and cancer in mammals [33]. 

The effects from GSM base transceiver station (BTS) 
frequency of 945 MHz on oxidative stress in rats were 
investigated. When EMF at a power density of 3.67W/m2, 

below current exposure limits, were applied, MDA (malon­
dialdehyde) level was found to increase and GSH (reduced 
glutathione) concentration was found to decrease signifi­
cantly (P < 0.0001). Additionally, there was a less significant 
(P = 0.0 190) increase in SOD (superoxide dismutase) activity 
under EM exposure [77]. 

2.2.3. Problems in reproduction 
In the town of Casavieja (Avila, Spain) a telephony 

antenna was installed that had been in operation for about 
5 years. Then some farmers began blaming the antenna for 
miscarriages in many pigs, 50-100 m from the antenna (on 
the outskirts of the town). Finally the topic became so bad that 
the town council decided to disassemble the antenna. It was 
removed in the spring 2005. From this moment onwards the 
problems stopped (C. Lumbreras personal communication). 

A Greek study reports a progressive drop in the number of 
rodent births exposed to radiofrequencies. The mice exposed 
to 0.1681J-W/cm2 become sterile after five generations, while 
those exposed to 1.053jj-W/cm2 became sterile after only 
three generations [22]. 

In pregnant rats exposed to 27.12MHz continuous waves 
at 100 jj-W/cm2 during different periods of pregnancy, half 
the pregnancies miscarried before the twentieth day of ges­
tation, compared to only a 6% miscarriage rate in unexposed 
controls, and 38% of the viable foetuses had incomplete cra­
nial ossification, compared to less than 6% of the controls. 
Findings included a considerable increase in the percentage 
of total reabsorptions (post-implantation losses consequent 
to RF radiation exposure in the first post-implantation stage). 
Reduced body weight in the exposed dams reflected a neg­
ative influence on their health. It seems that the irradiation 
time plays an important role in inducing specific effects con­
sequent to radiofrequency radiation exposure [78]. There was 
also a change in the sex ratio, with more males born to rats that 
had been irradiated from the time of conception [2]. Moor­
house and Macdonald [79] find a substantial decline in female 
Water Vole numbers in the radio-collared population, appar­
ently resulting from a male skew in the sex ratios of offspring 
born to this population. Recruits to the radio-tracked popu­
lation were skewed heavily in favour of males (43:13). This 
suggests that radio-collaring of females caused male-skewed 
sex ratios. 



A. Balmori I Pathophysiology xxx (2009) xxx--.ux 5 

Mobile phone exposure may have negative effects on 
sperm motility characteristics and male fertility in rats [46]. 
Other studies find a decrease of fertility, increase of deaths 
after birth and dystrophic changes in theirreproductive organs 
[11]. Intermittent exposure showed a stronger effect than 
continuous exposure [ 4]. Brief, intermittent exposure to low­
frequency EM fields during the critical prenatal period for 
neurobehavioral sex differentiation can demasculinize male 
scent marking behavior and increase accessory sex organ 
weights in adulthood [80]. 

In humans, magnetic field exposures above 2.0 mG were 
positively associated with miscarriage risk [81]. Exposure 
of pregnant women to mobile phone significantly increased 
foetal and neonatal heart rate, and significantly decreased the 
cardiac output [82]. 

2.2.4. Nervous system 
Microwaves may affect the blood brain barrier which lets 

toxic substances pass through from the blood to the brain 
[83]. Adang et al. [84] examined the effect of microwave 
exposure to a GSM-like frequency of970 MHz pulsed waves 
on the memory in rats by means of an object recognition task. 
The rats that have been exposed for 2 months show normal 
exploratory behavior. The animals that have been exposed for 
15 months show derogatory behavior. They do not make the 
distinction between a familiar and an unfamiliar object. In the 
area that received radiation directly from "Location Skrunda 
Radio Station" (Latvia), exposed children had less devel­
oped memory and attention, their reaction time was slower 
and neuromuscular apparatus endurance was decreased [85]. 
Exposure to cell phones prenatally and, to a lesser degree, 
postnatally was associated with behavioral difficulties such 
as emotional and hyperactivity problems around 7 years 
of age [86]. Electromagnetic radiation caused modification 
of sleep and alteration of cerebral electric response (EEG) 
[87-89]. Microwave radiation from phone masts may cause 
aggressiveness in people and animals (personal observa­
tion). 

2.3. Effects on amphibians 

Disappearance of amphibians and other organisms is 
part of the global biodiversity crisis. An associated phe­
nomenon is the appearance of large numbers of deformed 
amphibians. The problem has become more prevalent, with 
deformity rates up to 25% in some populations, which is sig­
nificantly higher than previous decades [90]. Balmori [91] 
proposed that electromagnetic pollution (in the microwave 
and radiofrequency range) is a possible cause for deforma­
tions and decline of some wild amphibian populations. 

Two species of amphibians were exposed to magnetic 
fields at various stages of development. A brief treatment of 
early amphibian embryos produced several types of abnor­
malities [92]. Exposure to a pulsed electromagnetic field 
produced abnormal limb regeneration in adult Newts [93]. 
Frog tadpoles (Rana temporaria) developed under electro-

magnetic field (50 Hz, 260 Aim) have increased mortality. 
Exposed tadpoles developed more slowly and less syn­
chronously than control tadpoles and remain at the early 
stages for longer. Tadpoles developed allergies and EMF 
caused changes in blood counts [94]. 

In a current study exposing eggs and tadpoles (n = 70) 
of common frog (R. temporaria) for two months, from 
the phase of eggs until an advanced phase of tad­
pole, to four telephone base stations located 140m 
away: with GSM system 948.0-959.8MHz; DCS system: 
1830.2-1854.8; 1855.2-1879.8MHz. and UMTS system: 
1905-1910; 1950-1965; 2140-2155MHz. (electric field 
intensity: 1.847-2.254 V/m). A low coordination of move­
ments, an asynchronous growth, with big and small tadpoles, 
and a high mortality (90%) was observed. The control group 
(n = 70), under the same conditions but inside a Faraday cage 
(metallic shielding component: EMC-reinforcement fabrics 
97442 Marburg Technic), the coordination of movements was 
normal, the development was synchronously and the mortal­
ity rate was only 4.2% [95]. 

2.4. Effects on insects 

The microwaves may affect the insects. Insects are the 
basis and key species of ecosystems and they are especially 
sensitive to electromagnetic radiation that poses a threat to 
nature [96]. 

Carpenter and Livstone [97] irradiated pupae of Tene­
brio molitor with 100Hz microwaves at 80 mW for 
20-30 min and 20 m W for 120 min obtained a rise in 
the proportion of insects with abnormalities or dead. In 
another study exposing fruit flies (Drosophila melanogaster) 
to mobile phone radiation, elevated stress protein levels 
(Hsp70) was obtained, which usually means that cells are 
exposed to adverse environmental conditions ('non-thermal 
shock') [98]. Panagopoulos et al. [99] exposed fruit flies (D. 
melanogaster) to radiation from a mobile phone (900MHz) 
during the 2-5 first days of adulthood. The reproductive 
capacity of the species reduced by 50-60% in modulated radi­
ation conditions (emission while talking on the phone) and 
15-20% with radiation nomodulated (with the phone silent). 
The results of this study indicate that this radiation affects 
the gonadal development of insects in an athermal way. The 
authors concluded that radio frequencies, specifically GSM, 
are highly bioactive and provoke significant changes in phys­
iological functions of living organisms. Panagopoulos et al. 
[100] compare the biological activity between the two sys­
tems GSM 900 MHz and DCS 1800 MHz in the reproductive 
capacity of fruit flies. Both types of radiation were found to 
decrease significantly and non-thermally the insect's repro­
ductive capacity, but GSM 900 MHz seems to be even more 
bioactive than DCS 1800MHz. The difference seems to be 
dependent mostly on field intensity and less on carrier fre­
quency. 

A study in South Africa finds a strong correlation 
between decrease in ant and beetle diversity with the 
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electromagnetic radiation exposure (D. MacFadyen, per­
sonal communication.). A decrease of insects and arachnids 
near base stations was detected and corroborated by engi­
neers and antenna's maintenance staff [101]. In houses 
near antennas an absence of flies, even in summer, was 
found. 

In a recent study carried out with bees in Germany, 
only a few bees irradiated with DECT radiation returned 
to the beehive and they needed more time. The honeycomb 
weight was lower in irradiated bees [102]. In recent years 
a "colony collapse disorder" is occurring that some authors 
relate with pesticides and with increasing electromagnetic 
pollution [96]. 

The disappearance of insects could have an influence on 
bird's weakening caused by a lack of food, especially at the 
first stages in a young bird's life. 

2.5. Effects on trees and plants 

The microwaves may affect vegetables. In the area that 
received radiation directly from "Location Skrunda Radio 
Station" (Latvia), pines (Pinus sylvestris) experienced a 
lower growth radio. This did not occur beyond the area of 
impact of electromagnetic waves. A statistically significant 
negative correlation between increase tree growth and inten­
sity of electromagnetic field was found, and was confirmed 
that the beginning of this growth decline coincided in time 
with the start of radar emissions. Authors evaluated other 
possible environmental factors which might have intervened, 
but none had noticeable effects [103]. In another study inves­
tigating cell ultrastructure of pine needles irradiated by the 
same radar, there was an increase of resin production, and was 
interpreted as an effect of stress caused by radiation, which 
would explain the aging and declining growth and viability 
of trees subjected to pulsed microwaves. They also found a 
low germination of seeds of pine trees more exposed [104]. 
The effects of Latvian radar was also felt by aquatic plants. 
Spirodela polyrrhiza exposed to a power density between 
0.1 and 1.8 1-1 W/cm2 had lowerlongevity, problems in repro­
duction and morphological and developmental abnormalities 
compared with a control group who grew up far from the 
radar [105]. 

Chlorophylls were quantitatively studied in leaves of black 
locust (Robinia pseudoacacia L.) seedlings exposed to high 
frequency electromagnetic fields of 400 MHz. It was revealed 
that the ratio of the two main types of chlorophyll was 
decreasing logarithmically to the increase of daily exposure 
time [106]. 

Exposed tomato plants (Lycopersicon esculentum) to low 
level (900 MHz, 5 V /m) electromagnetic fields for a short 
period (10 min) measured changes in abundance of three 
specific mRNA after exposure, strongly suggesting that they 
are the direct consequence of application of radio-frequency 
fields and their similarities to wound responses suggests that 
this radiation is perceived by plants as an injurious stim­
ulus [107]. Non-thermal exposure to radiofrequency fields 

induced oxidative stress in duckweed (Lemna minor) as well 
as unespecific stress responses, especially of antioxidative 
enzymes [108]. 

For some years progressive deterioration of trees near 
phone masts have been observed in Valladolid (Spain). Trees 
located inside the main lobe (beam), look sad and feeble, 
possibly slow growth and a high susceptibility to illnesses 
and plagues. In places we have measured higher electric field 
intensity levels of radiation (>2 V /m) the trees show a more 
notable deterioration [109]. The tops of trees are dried up 
where the main beams are directed to, and they seem to be 
most vulnerable if they have their roots close to water. The 
trees don't grow above the height of the other ones and, those 
that stand out far above, have dried tops (Hargreaves, per­
sonal communication and personal observation). White and 
black poplars (Populus sp.) and willows (Salix sp.) are more 
sensitive. There may be a special sensitivity of this family 
exists or it could be due to their ecological characteristics 
forcing them to live near water, and thus electric conductivity. 
Other species as Platanus sp. and Lygustrum japonicum, are 
more resistant (personal observation). Schorpp [ 11 0] presents 
abundant pictures and explanations of what happens to irra­
diated trees. 

3. Conclusions 

This literature review shows that pulsed telephony 
microwave radiation can produce effects especially on ner­
vous, cardiovascular, immune and reproductive systems 
[111]: 

- Damage to the nervous system by altering electroen­
cephalogram, changes in neural response or changes of the 
blood-brain barrier. 

- Disruption of circadian rhythms (sleep-wake) by interfer­
ing with the pineal gland and hormonal imbalances. 

- Changes in heart rate and blood pressure. 
- Impairment of health and immunity towards pathogens, 

weakness, exhaustion, deterioration of plumage and growth 
problems. 

- Problems in building the nest or impaired fertility, number 
of eggs, embryonic development, hatching percentage and 
survival of chickens. 

- Genetic and developmental problems: problems of loco­
motion, partial albinism and melanism or promotion of 
tumors. 

In the light of current know ledge there is enough evidence 
of serious effects from this technology to wildlife. For this 
reason precautionary measures should be developed, along­
side environmental impact assessments prior to installation, 
and a ban on installation of phone masts in protected natural 
areas and in places where endangered species are present. 
Surveys should take place to objectively assess the severity 
of effects. 
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Abstract 

For testing human sensitivity to radio frequency (RF) standing waves a movable reflecting wall was constructed. Radio waves from the 
radio-TV tower reflected back and formed a standing wave near the reflector. When the reflector was moved, the position of the maximums 
of the standing waves changed and the electromagnetic intensity changed in the body of the standing test subject. The computer with an 
AD-converter registered the signals of the hand movement transducer and the RF-meter with 100 MHz dipole antennas. A total of 29 adults 
of different ages were tested. There were 9 persons whose hand movement graphs included features like the RF-meter. Six showed responses 
that did not correlate with the RF-meter. There were also 14 persons who did not react at all. Sensitive persons seem to react to crossing 
standing waves of the FM-radio or TV broadcasting signals. 
© 2009 Elsevier Ireland Ltd. All rights reserved. 

Keywords: Sensorimotor responses; Radio frequency standing waves 

1. Introduction 

Radio frequency radiation (RFR) has been studied inten­
sively in the near GHz region. Subjective symptoms, sleeping 
problems and cognitive performance have been reported in 
subjects living near mobile phone base stations [1]. In the 
recent past, frequencies of FM-radio and television (TV) 
signals have been much less studied even though these fre­
quencies cause biological and health effects, too. The whole 
body resonance frequency of an average man and thus the 
maximum absorption of RF energy occur at 70-80 MHz [2]. 
This is near the frequencies used in very high frequency 
(VHF) broadcasting. The head and limbs absorb much more 
energy than the torso at frequencies above body resonance 
[3]. Greatest absorption in the head region of man occurs at a 
frequency of about 375 MHz [4]. Absorption is stronger for 
wave propagation from head to toe than it is when the elec­
tric field is parallel to the long axis. The authors [4] believed 
that the enchanced absorption in the head region may make 
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head resonance significant in the study of behavioral effects, 
blood-brain barrier permeability, cataractogenesis, and other 
microwave bioeffects. Even increased health risks like can­
cer, especially melanoma incidence, near FM broadcasting 
and television transmitters have been reported [5,6]. 

Nerve impulses initiate muscle contraction by calcium 
ion release from the sarcoplasmic reticulum, which takes 
place when electric nerve signals reach the plasma mem­
brane and T-tubules of muscle fibers [7]. Voltage dependent 
Ca-channels open. Acetylcholine esterase (AChE) breaks 
down the acetylcholine, and Na-channels close [7]. It has 
been reported that the number of Ca2+ ions liberated from 
hen's frontal brain depends on the modulation frequency of 
the weak VHF radiation, with a maximum at a frequency 
of 16Hz, while an unmodulated field causes no ion release 
[2,8]. Multiple RF power-density windows in calcium ion 
release from brain tissue have presented [9]. A significant 
decrease in AChE activity has been found in rats exposed to 
radio frequency radiation of 147 MHz and its sub-harmonics 
73.5 and 36.75MHz amplitude modulated at 16 and 76Hz. 
A decrease in AChE activity was independent of carrier wave 
frequencies [10]. 
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Fig. 1. Testing human radio wave sensitivity. Radio waves from the TV 
tower reflect back from the reflector and form a standing wave. When the 
reflector moves, the position of the maximums of the standing wave change, 
and the electromagnetic intensity changes in the body of the test subject. 
The computer with an AD-converter registers the signals of hand movement 
transducer and the RF-meter with the dipole antennas. 

As there is previous evidence from human and animal 
studies that electromagnetic irradiation has effects in the 
brain, the aim of the present study was to find out, if the 
motor responses are generated in sensitive persons, when they 
move across a set of standing waves caused by radiation of 
a FM-radio and TV tower. The connection between the hand 
movements and the integrated intensity of electromagnetic 
field of FM-radio broadcasting were recorded. 

2. Methods 

The wavelength of a 100-MHz radio wave is 3m. For 
testing human sensitivity to moving standing waves a mov­
able reflecting wall with wooden frame 3 m height and 5 m 
wide was constructed (Fig. 1). Steel net of 20 mm x 20 mm 
mesh was used. Five horizontal net slices of 60 em wide were 
bound together with steel wire forming a radio waves reflect­
ing surface. The test place was 5 km from the FM-radio tower. 
The frame was placed in an open field perpendicular to the 
incoming wave. The test subject was standing back towards 
the frame, and he had the hand movement transducer in his 
hands. The RF-meter with horizontal dipole antenna was 
close behind him. When started, the frame was 2m from 
his back and it was moved 20 m forth and back. The com­
puter registered both signals. The method and the aim of 
the test were at first presented, in brief, to the test persons. 
All together 29 adult persons of different ages were tested. 
They were participants in a seminar relating to effects of elec­
tric fields, and thus they possibly do not represent a normal 
population. 

The broadband (30-300MHz) RF-meter and the hand 
movement transducer were constructed for this study by the 
authors. The signals were digitised by Pico high resolution 
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Fig. 2. Hand movements near the moving RF reflector. The standing waves 
moved slowly with the reflector. Intensity of the electric field was measured 
with the broadband RF-meter with horizontal dipole antennas. Variation of 
the field intensity is presented in the upper curve and the hand movements 
of the standing test person are in the lower curve. 

data logger (ADC16). The radio frequency spectrum was 
measured using a spectrum analyser (GW instek GSP-827, 
2.7 GHz) with 1.5 m horizontal dipole antennas. When mea­
sured, the antenna was fastened to a wooden frame 1 m from 
the ground. 

3. Results and discussion 

Results on the movable frame showed different hand 
movement reactions of the test subjects. There were 9 per­
sons who reacted like the RF-meter (Fig. 2), 6 persons whose 
graphs, though obvious, showed no correlation to the RF­
meter and 14 persons who did not react or showed only small 
noise like changes in their graphs (Table 1). Spectrum at the 
test place contains mainly the FM-radio broadcasting sig­
nals and four digital TV signals (Fig. 3). Most prominent 
(85 dB 1-L V, approximately 50 m V /m) are the 6 horizontally 
polarized FM-radio signals (Fig. 4). 

Resonances in body parts affects the power absorption. 
Theoretically, the optimal length of a thin antenna in radio­
frequency reception is nearly half of the wavelength of the 

Table 1 
Reactions to standing waves of FM-radio signals. Classification of results 
of 29 tested persons. Test subject was standing and the radio wave reflector 
was moved behind him/her. The hand movement graphs were compared to 
the graphs of the broadband radio frequency (RF) meter. 

Reactions to standing waves 9 persons 

Possible reaction 6 persons 

No reaction 14 persons 

Hand movement 
graphs include 
features like graphs of 
RF-meter. 
Changes in the graphs 
but no correlation to 
RF-meter. 
Only small noise like 
changes in the graphs. 
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Fig. 3. Spectrum 1-IOOOMHz at the test place. The highest peaks at the 
left are FM-radio broadcasting signals and the four lower peaks in the mid­
dle are the digital TV signals. Because the measurement was made with 
1.5 m dipoles, signals near 100 MHz are more prominent because of antenna 
resonance. 

incoming radio wave. The experimental maximum whole 
body resonance frequency is lower than the resonance fre­
quency for an ideal half wave dipole antenna [11]. The whole 
body resonance length of a human at the frequencies of 
80-108MHz applied to FM broadcasting is about 1.1-1.5 m. 
Because in this experiment the test subjects were standing 
and the 100 MHz FM -radio signals and TV signals at higher 
frequencies are horizontally polarized, the absorption is obvi­
ously higher in the shoulder area. The distance between two 
maximums of the 100 MHz standing wave is 1.5 m. The half 
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Fig. 4. Spectrum of the FM-radio broadcasting at the test place. Six channels 
were sending and the maximum electric field intensity was 85 dB l.l. V. 

waves of local digital TV signals (500-700MHz) are only 
about 20-30 em. This means that there can be many max­
imums of standing waves of TV signals in the body at the 
same time, even near the reflector. 

The biggest variation in the local field intensity was 
caused by the FM broadcasting. There were 6 channels in 
the tower. Because of different wave lengths, the standing 
waves near the reflector are at the same phase and they 
amplify each other, but further away, the phases are mixed 
and so the amplitude of the summed standing waves is 
smaller. 

With this experiment, we cannot exactly say where the 
reaction occurs, in limbs, muscles or in the head. It is possi­
ble that a change of intensity in standing radiowaves causes 
a small change in the nerve-muscle permeability of the nerve 
signal. The person feels it like a spontaneous muscle con­
traction. His hands are moving away and closer when the 
standing waves are passing. By some persons, the distance 
from hand to hand varied 0-60 em. That means that some of 
muscles in arms and shoulders should react. 

The spectrum contains many frequencies of electromag­
netic radiation. The radiation is not only coming from the 
nearest tower, and it is impossible to clean the test area from 
other waves. This experiment was made at rural area, but 
even there, the private hand held telephone signals cause 
interferences to RF-instruments. 

4. Conclusions 

Sensitive persons seem to react to crossing standing waves 
of the FM-radio or TV broadcasting signals. The reactions 
were apparently initiated by RFR near reflecting objects, but 
they became more random in very weak variations of total 
field intensity. In any case, individuals are different, and in 
natural situations many sources interfere with each other. 
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